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Remarks 

Claims 45-69 were pending in the subject application. Claim 65 remains pending but 
withdrawn from consideration. Accordingly, claims 45-69 are currently before the Examiner for 
consideration. Favorable consideration of the pending claims is respectfully requested. 

Applicants acknowledge that claim 65 has been withdrawn from further consideration as 
being drawn to a non-elected invention. Applicants reserve the right to rejoinder of any non-elected 
process claims upon an indication of an allowable product claim in accordance with MPEP §821 .04. 

Claims 45-64 and 66-69 are rejected under 35 USC §112, first paragraph, as lacking 
sufficient written description. The Examiner asserts that the specification does not provide an 
adequate written description of the polynucleotide encoding a Human Leukocyte Antigen (HLA) 
binding fragment of SEQ ID NO:l, comprising at least five consecutive amino acids of SEQ ID 
NOT, or the polynucleotide that is complementary along the full length of the polynucleotide 
encoding the HLA binding fragment. Applicants respectfully submit that the specification conveys 
with reasonable clarity to those of ordinary skill in the art that, as of the application's date. 
Applicants were in possession of the claimed subject matter. 

The Examiner cites immunology textbooks such as Cruse et ah (Illustrated Diet. Of 

Immunology, 2 nd ed., CRC Press, 2003) for teaching that 

. . .an epitope or antigenic determinant interacts with its corresponding antibody based 
on the three-dimensional structure of both molecules and the fit between them... 
These epitopes may be conformational (or discontinuous) epitopes which are formed 
from separate regions in the primary sequence that are brought together by proper 
folding... 

This is correct in the context of epitopes for antibodies ; however, the present claims are drawn to 
polynucleotides encoding HLA binding peptides , and these peptides are linear , as evidenced by pages 
11-17 of Fikes J. et ah (see lines 1-3 at page 12 of Chapter 2 in Morse M.A. et al. 9 Handbook of 
Cancer Vaccines, Humana Press: Totowa, New Jersey, 2004) and pages 671-692 of Bradley J. A. et 
al (see paragraph bridging pages 675-676 of Chapter 43 in Majid A.A. et al, Advanced Surgical 
Practice, Greenwich Medical Media; London, 2003). Therefore, the influence of protein folding on 
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antibody-antigen interactions is not relevant to the binding requirements of HLA binding peptides. 

The claimed HLA binding fragments constitute a well defined number of peptides which can 
be directly excised from SEQ ID NO: 1 . Hence, the provision of the entire sequence of SEQ ID NO: 
1 provides the necessary starting point for a very simple test where fragments are assayed for their 
binding to HLA molecules. Given the high level of skill in the polypeptide art and the disclosure of 
SEQ ID NO: 1 in the specification, those of ordinary skill in the art would consider the Applicants to 
have been in possession of the entire breadth of the claimed genus of polypeptides at the time the 
application was filed. Accordingly, reconsideration and withdrawal of the rejection under 35 USC 
§112, first paragraph, is respectfully requested. 

Claims 66-69 are also rejected under 35 USC §112, first paragraph, as new matter. 
Applicants respectfully submit that claims 66-69 are not new matter. At page 10 of the Office 
Action, the Examiner indicates that the phrase in question does not appear in the specification or 
claims as originally filed. Applicants pointed out support for claims 66-69 at page 6, third 
paragraph, of Applicants' Amendment submitted to the Patent Office on March 5, 2009. 
Specifically, support for claims 66-69 can be found, for example, in paragraph [0095] at page 41 of 
the specification. Accordingly, reconsideration and withdrawal of the rejection under 35 USC § 1 12, 
first paragraph, is respectfully requested. 
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It should be understood that the amendments presented herein have been made solely to 
expedite prosecution of the subject application to completion and should not be construed as an 
indication of Applicants' agreement with or acquiescence in the Examiner's position. 

In view of the foregoing remarks and amendments to the claims, Applicants believe that the 
currently pending claims are in condition for allowance, and such action is respectfully requested. 

The Commissioner is hereby authorized to charge any fees under 37 CFR §§1.16 or 1.17 as 
required by this paper to Deposit Account 19-0065. 
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Applicants invite the Examiner to call the undersigned if clarification is needed on any of 
this response, or if the Examiner believes a telephonic interview would expedite the prosecution of 
the subject application to completion. 



Respectfully submitted, ~ 

Glenn P. Ladwig y 
Patent Attorney 
Registration No. 46,853 
Phone No.: 352-375-8100 
Fax No.: 352-372-5800 
Address: P.O. Box 142950 

Gainesville, FL 32614-2950 
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Attachment: Fikes J. et al "Chapter 2: The Rational Design of T-Cell Epitopes With Enhanced 
Immunogenicity" In: Morse M.A. et al, Handbook of Cancer Vaccines, Humana 
Press: Totowa, New Jersey, 2004, pp. 11-17. 

Bradley J. A. et al. "Chapter 43 : Transplantation Immunology" In: Majid A. A. et al , 
Advanced Surgical Practice, Greenwich Medical Media: London, 2003, pp. 671-692. 
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I. THE CHALLENGE OF OVERCOMING 
IMMUNOLOGICAL TOLERANCE 

For all cancer vaccine strategies, a major challenge facing efforts to induce a clinically 
effective T-cell response is the necessity to break tolerance to normal. fc4 self 1 antigens. To 
control auto-reactivity, some T cells with high avidity for tumor- associated antigen (TAA ) 
epitope-major histocompatibility (MHCs) complexes are deleted in the thymus and the 
remaining T cells ate controlled by peripheral tolerance (II However, several groups 
have demonstrated using in vitro systems thai thymtc-deletion of TAA-specific cytolytic 
TeeJI (CTL) is not complete (2-4). More importantly, it is clear that in some patients, 
natural exposure to tumor or immunization with wild-type antigens or epitopes can 
induce CTL of sufficient avidity and functionality to infiltrate tumors in vivo and/or 
recognize tumor cells in vitro. Therefore, although the fundamental vaccine strategy of 
targeting TAA to mount tumor-specific immune responses is supported, it remains a 
significant challenge to design cancer vaccine strategies that consistently overcome 
immunological tolerance in order to effectively activate and maintain therapeutic T-cel! 
responses. Experimentation in the lale 1980s and 1990s has resulted in a detailed under- 
standing of the molecular mechanisms controlling T-cell activation and effector func- 
tion. It is now appreciated that the interaction of a T-cell receptor with a peptide epitope 
presented by an antigen-presenting cell ( APC) in the context of an MHC molecule gen- 
erates the central event (referred to as "signal I") in the activation of naive or memory 

From: Handbook of Cancer Vtwvhtcs 
Edited by: M, A. Morse. T. M. Clay, and H. K. Lyerly © Humana Press Luc, Tounva. NJ 

tl 
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T cells. Studies have also demonstrated that the specificity and afTimty ol^epiidehmdiny 
by human lymphocyre antigens (HLAsJ is determined by the interactions between ihi- 
side chains of the linear peptide epitope and the residues present in each HLA molecule. 
Insights from these studies have given rise to two strategies for the rational modification 
ot'T-ceH epitopes to enhance immunngeniciiy and "breaki»g'*(jriTnniunoIo«icii>lefance 
The molecular mechanisms, ifnmunolugical consequences, and tht* cancer vaeciric«ippli- 
cations of" each iipproach will he discussed. 

2, FIXED-ANCHOR EPITOPE ANALOGS 

One type of modification [hat can be utilized to enhance the immunngeniciiy ol wild 
type TAA-derived peptides involves the substitution of a single amino acid residue to 
facilitate an increase in the binding affinity of the analog peptide for an HLA molecule. 
Although the affinity of peptide binding by an HLA molecule is essentially the product 
of the interactions between residues of the peptide and the residues in the peptide-binding 
cleft of the HLA molecule, two positions have a dominant influence on binding, and are 
referred to as "primary anchorposrtions." For most HLA-bt nding peptides, these primary 
anchor residues are position 2 and the carboxyf-terminus. The specific amino acids that 
mast effectively function as primary anchor residues in a peptide are dependent on de- 
composition of the binding pocket of the given HLA molecule, and the amino acids that 
are "preferred" and "tolerated" at each peptide position have been defined for numerous 
HLA molecules (5). For example, for binding to HLA-A2J , L,M and VJ,Lare preferred 
anchors at position 2 and theC-terminus, respectively. Knowledge of these HLA-specific 
patterns, referred as motifs, is the foundation for the rational design of fixed-anchor 
analog epitopes. The primary amino acid sequence of a wild-type TAA can be analyzed 
using motif-based algorithms to identify peptides that harbor a preferred residue at one 
anchor position and a tolerated residue at the other. The HLA-binding affinity can then 
be enhanced by a single amino acid substitution to replace the tolerated residue, thereby 
"fixing" the anchor. Residues at other positions of the peptide can contribute to HLA 
binding, albeit more weakly, and are referred to as secondary anchor positions (5). These 
positions can also be substituted to enhance HLA binding of a peptide. 

Unlike receptonligand interactions that directly result in biological functions such as 
signal transduction, binding of a vaccine-delivered peptide to an^HLA molecule has no 
direct biological effect. The immunological and pharmacologicalimportance of enhanc- 
ing this interaction for vaccine design lies in the observation that the affinity of an HLA- 
peptide interaction directly correlates with immunogenicity (6). By designing epitopes 
that increase the stabi lity of HLA-peptide complexes on the surface of APCs, the oppor- 
tunity to effectively engage the cognate T-cell receptor (TCR) and induce a therapeutic 
T-ce!l response is enhanced, fn addition, it has been hypothesized that CTL specific for 
a low-affinity, wild-type epitope may be less tolerized than those specific for high- 
affinity peptides, due to the lower amounts of cell-surface epitope-HLA complexes 
generated by normal processing and presentation (7) r Therefore, by utilizing fixed- 
anchor analog epitopes as high-affinity immunogens, a vaccine can be used to stimulate 
these potentially more reactive T-cell populations. 

The validity of this approach for generating rmmimogens with enhanced potency was 
initially demonstrated in in vitro studies using fixed-anchor analogs derived from HER- 
2/neu and gp 100, where analogs were demonstrated to he more effective for CTL indue-. 
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ling tion than the wild-type peptides from which they were derived. Single amino acid suh 

the stitutions to introduce optimal residues at the anchor positions ol three peptides derived 

tile. from the melanoma-assodnted antigen up I Of) were demonstrated fu yield analog pep 

:ion tides with enhanced HLA binding and immunogenieity relative to the native sequence 

ice. f#/ In another curly study, single amino acid substitutions were made ni seconiliii \ 

pli- anchor positions of HER-2/neu-derived peptides resulting in analog cpilnpc^xhibiim" 

enhanced HLA binding and immunogenieity (9). 

Our group has uti!i7ed HLA motifs and epitope prediction nl»f>( iUuns in comhimition 
with high-throughput HLA binding assays to identify novel fixed-anchor analog epitopes 
from CEA, p53, HER2/ncu s and MAGE2/3, five TAAs that are frequently expressed in 
epithelial-derived tumors (2J0). fnitial studies focused on epitopes restricted by the 
HLA-A2 supertype, and included the identification of wild-type epitopes in addition to 
fixed-anchor epitopes. From the primary sequences of the fourTA As, approx 1 650 motif- 
positive sequences running in size between H and 1 1 residues and eanying the general 
ing extended motif that has been associated with the capacity of peptides to bind HI ,A2. 1 

are , were identified. From these motif-positive peptides, a more refined algorithm that takes 

ary Into account the influence of secondary anchors was used to select 223 peptides for 

hat further analysis. Utilizing the HLA-binding assays and this set of peptides, H2 different 

the wild-type epitopes were demonstrated to bind HLA-A2, 1 with an IC W of s5(W n/W, an 

hat affinity previously shown to correlate with peptide epitope immunogenieity (6). Impur- 

)US tantly, 1 23 fixed-anchor analogs with optimized HLA-binding capacity were also gen - 

r ^ d eruted. From these A2, 1 binding peptides, 1 !5 were also demonstrated to bind at least 

* ic one, and most often two or three additional HLA molecules from the HLA-A2 supcrtype. 

10r Of these HLA-A2 supertype epitopes, 22 wild-type epitopes and 2 1 analogs were tested 

for immunogenieity in CTL induction assays using normal donor peripheral blood mono 
,ne nuclear cells (PBMCs). As a read-out, immunoassays measuring cytolysis and/or inter 

en feron-y production were utilized. The CTL cultures demonstrated to be positive for 

by recognition of the immunizing peptide were then further expanded and tested for reeog- 

- A - nition of naturally processed epitope as presented by HLA- and TAA-matehed tumor cell 

lines. The specificity of the CTL induced by in vitro immunization with peptides was also 
demonstrated by cold target inhibition experiments for selected epitopes (2, JO). For the 
as wild-type peptides, 20 out of 22 (91 %) were immunogenic for PBMC from at least one 

n° donor, and recognition of tumor cell lines expressing naturally processed antigens was 

c- noted for (6 out of 20 (65%) of these epitopes. Interestingly, no significant difference in 

^- "hit rate" was observed between MAGE, p53,CEA, and HER2/neu antigens, suggesting 

es that for these TAAs the degree of peripheral tolerance in the CTL compartment is indistin- 

>r- . guishable, despite the significantly different protein expression patterns reported fol- 

ic these TAAs. 

or Fixed-anchor analog epitopes substituted at one or both anchor positions were also 

h> evaluated for immunogenieity. Of the analog epitopes harboring a single primary anchor 

ss substitution, 1 00% of the analogs induced CTL when measured against target cells pulsed 

J- w ith the analog peptide. However, to be useful components of a cancer vaccine, epitope 

te analogs must induce CTLs that recognize the wild-type peptide presented on the surface 

of tumor cells. Recognition of naturally processed antigen on tumor cell lines was deni- 
es onstrated for 46%- (6/13) of the fixed-anchor analogs, thereby validating their use as 
I- vaccine immunogens. Analogpeptides substituted at both primary anchor positions were 
> a ' s <> found to be immunogenic, but the CTLs induced were less frequently associated with 
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recognition of endogenous antigens. These data underscore the importance of using 
rational design strategies that introduce minimal changes to the epitope, and serve as a 
cautionary note regarding (he use of analog design approaches thai yield iiilj]U|j1> - 
substituted analogs. 

It is interesting to consider that in general, for both wild-type and analog peptides, ilk- 
induction of CTLs that are capable of recognizing tumor ee! 1 lines as targets is associated 
with high HLA-binding affinity (2), This conclusion is consistent with previous work by 
our group and others (4 K HJO). although contrary tn the postulate that CTL recognizing 
high-affinity binding epitopes are preferentially deleted from the repertoire, and thai 
epitopes that can induce CTLs recognizing naturally processed epitopes are mosllv 
directed against tow- binding- affinity peptides (II). 

Several other groups have recently identified HLA-A2. 1 -restricted fixed anchor ana- 
log epitopes derived from other important TAA. Two analog epitopes derived from an 
overlapping region of the melanoma differentiation antigen MART- 1 have been reported 
(121 in addition, fixed-anchor analogs derived from NY-ESO 1 (13) and Ep-CAM (14) 
have been identified. Foreach of these analog epitopes, superior immunogenicity relative 
to the cognate wild-type sequence was demonstrated using human PBMC in an in vitro 
CTL induction system. 

One fixed-anchor analog tested in clinical studies is the gp 1 00.209 (210 M) epitope, 
which has been utilized as a synthetic peptide delivered to melanoma patients. This 
analog epitope was reported to be markedly more effective at in vivo CTL induction than 
was the gp 100.209 wild-type peptide when each was administered separately to mela- 
noma patients as a synthetic peptide in Montanide® ISA 5 1 adjuvant in conjunction with 
IL-2 (3), In this study, the analog and wild-type peptides induced wild-type peptide- 
specific CTL responses in 10/1 [ and 2/8 patients, respectively. Although not a direct 
comparison of wild-type and analog peptides, two other clinical studies by Weber and 
colleagues ( 15) and Banchereau and colleagues (16) have also demonstrated the immu- 
nogenicity of the gpl00.209 (210 M) analog, with the latter reporting vaccine-induced 
CTL recall responses in 1 2/1 6 patients. Detailed analyses of the CTL responses induced 
by this fixed-anchor analog epitope have been conducted (17 J 8). 

All of the fixed-anchor epitope analogs reported to date are restricted by the HLA-A2 
supertype. Although this HLA supertype is relatively frequently expressed in patients. 
45% on average, vaccines produced using HLA-A2 epitopes are inherently limited in 
applicability. To expand the application of this rational vaccine design approach, our 
group is using the same strategy described above to identify CEA-, p53-, HER-2/neu-. 
and MAGE 2/3-derived fixed-anchor analog epitopes that are restricted by three othei 
common HLA supertypes. - A L -A3, and - A24 (19), The design of vaccines that combine 
epitopes restricted by these four HLA supertypes will provide essentially complete popu- 
lation coverage for all patients, regardless of ethnic background. 

3. HETEROCLITIC ANALOGS 

A second epitope modification strategy involves the introduction of selected single 
amino acid substitutions at selected positions other than the main HLA anchors of the 
peptide. The resulting peptides, referred to as heteroelitie analog epitopes, are capable of 
stimulating unexpectedly potent T-cell responses. A number of different reports have 
illustrated that heteroelitie analogs are associated with T-cell hyperstimulatiom and that 
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litis more potent response is, in fad. mediated by increased binding of I he peptide- HI ..A 
complex to the TCR (20,2 J). Importantly for cancer vaccine development, helemclitie 
analogs have also been associated with a striking capacity to break tolerance, as shown 
in a variety of different studies (22,23). Schiom and colleagues identified the first \ \LA- 
restrieled heteroclitie analog epitope derived from a clinically important human TAA. 
This modified CEA peptide, designated CA P I -6D. harbors v single substitution of aspai 
tie acid for asparagine at position ft of the nine amino acid sequence (24). This substitute m 
did not increase the HLA-A2 binding affinity of the peptide, hut did result in the hyper- 
Mi mulation of wild-type specific CTL when the analog peptide was presented on target 
cells, importantly, under in vitro conditions where- the wild-type peptide was not immu- 
nogenic, the CAP I -6D was demonstrated to induce human CTLs capable of recognizing 
HLA-A2 + , CEA + tumor cell lines. These data provided support for the use of CAP I -ftD 
inhuman vaccine design (slater discussion), and more generally supported theeoneepl 
ol identification and use of heteroclitie analogs derived from human TAA. 

For our initial studies to develop and characterize heterocli tic analogs (23U three wild 
type s TAA-derived> HLA-A2 epitopes identified in the screening studies described ear- 
tier were selected as targets: MAGE-3. 1 1 2, CEA.69 f , HER'2/neu. 157. For each epitope, 
conserved, semieonserved, and nonconserved substitutions were introduced at all posi- 
tions in the peptide excluding the MHC anchor positions. These analogs, a total of 
approximately 350, were screened for heteroclicity by performing antigenicity and dose 
titration analyses with a CTL line specific for the cognate wild-type peptide. The magni- 
tude of response and shifts in dose responses induced by each analog relati ve to the wi Id-type 
peptide were evaluated, and striking increases of the order of 6-7 logs were detected for 
some substituted peptidesJmportantly for use of these epitopes in vaccine development, 
the human CTLs generated by in vitro immunization with heteroclitie analogs were able 
to recognize naturally processed wild-type epitope expressed on tumor cell lines, and 
were of higher avidity than CTLs induced with the parent peptide. Also, as compared to 
the wild-type parent peptide, heteroclitie analogs were found to more consistently induce 
CTLs in vitro. Further, a model heteroclitie analog epitope derived from the murine p53 
epitope using this same analog identification strategy was demonstrated to break toler- 
ance to^selTand activate CTLs that recognize tumor cell lines when utilized for in vivo 
immunization of HL A- A2/K h transgenic mice. 

From these studies, novel heteroclitie analog epitopes were identified, and clinical 
studies utilizing a subset of these heteroclitie epitopes are currently planned. In addition, 
several observations relating to the nature and function of epitopes displaying 
heteroclicity were made. First, it was noted that the amino acid substitutions generally 
associated with heteroclicity were conservative or semtconservative and occurred in the 
middle of the peptide at position 3, 5. or 7. Since odd-numbered positions in the middle 
of an HLA-bound peptide may be pointing up toward the T-cel I receptor, this observation 
is consistent with the effect being mediated by an increased interaction withTCRs. Some 
previous studies implied that modulation of T-cell responses by heteroclitie analogs 
in vol ves modification of peptide residues that di rectly contact the TCRs (20,24). but this 
findi ng was not corroborated by our study (23)* which indicated that heteroclicity is likely 
to be generated by subtle alterations in epitope conformation rather than by gross alter- 
ations of TCR contacts or MHC binding capacity. Salazaret al. have reported increased 
phosphorylation of Zap-70 in heteroclitie analog-stimulated T cells (22), but the struc- 
tural and signaling mechanisms involved in heteroclicity require further investigation. 
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opment. By identifying the substitution patterns most Ifeqae ; , a* k > 
heteroclicity. "rules" were developed thai can streamline the ana bg 
Wchave Jund that we ean successful j^f^^^ 
and ou, success rateol analog predicts is in the 20-40* ang wh eh 
a 20-fold increase over random predict ion. By combining this tjr ^ ™ 
egy with hifh-lhroughpui screening heteroclit.c analog epitope^ c nvc d u y 
and restricted hy commonly expressed HLA superlypescan bcidcnliiie.il .111.1 

^ HL^f Sec,. C E A-«v«l CAP.* ^^*JJ*^ 
ScHrn and colleagues f24) has been utilized in human clinical trials. In a stuOJ ny 
n1cd 1 e a tes,^CAP l -6D peptide was f~^^^St— 
specific human CTL when delivered usi ng dendritic cells and measured usmfc e 
HLA/peptide complexes (tetramers) (25). These CTL "pansmn d a a and a « u 
extend ELlSPOTdata reported 

vious clinical studies us.ng the wild-type CAP- 1 peptide > had uer n , , ts 

weak immunogenic^ f26Mmderscorin g ^ 

obtained u Si ngtheCAP.-6Dhe r cli t icana.og '^^Z^P^^ 
CAP I -6D epitope and the novel heterochtte epitopes desc «bec ahove sn h 
human immunological data needed to address the general apphcabtbty of this appioac 
for cancer vaccine design. 

4. SUMMARY 

The rational design of analog epitopes with enhanced S^g d ^^S 
strategy for improving on the cancer vaccine cluneal " ° ms . and 

anchor and he terocli tie analog epitopes is compatible ™*<^™^* m T -ce1l 
,hese modified antigens should expand the quality and ^adth ot omuumu 
responses achievable in humans by facilitating ^ n ^eff^^««i- 
epitopes that in their natural form are too weakly .mmunoge. heeHtc 
ponents. In addition, these optimized immunogens should eomp emen . hu pp 
directed at enhancing T-eell induction, maintenance, and effector Junction , , 
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An ijndersiandingorirelcv.inttr.inspLintinHminologyis an essen- 
tial requirement for surgeon* involved in the care of patients 
undergoing organ transplantation. Aspects of the subject arc also 
likely to be of general relevance in the wider field ofsurgcry. 

Tt is now over half a Century stnee the pioneering studies of Perer 
Mcdawar firmly established that tissue grafts arc rejected because 
of the specific immunological response they provoke and not, as 
many had previously thought, because of si non-specific inflam- 
matory r«ponsc- S>ince this landmark observation, remarkable 
progress has bccii made in our understanding of graft rejection 
and in how best to try and overcome it, To ihose readers not 
familiar with (he specialty of transplantation, the prospect of trans- 
plant immunology can seem somewhat daunting and the apparent 
complexity of the terminology used may do little to allay this 
view. The reader should not be deterred. The key concepts in 
transplant immunology lrt Ilot vtr Y difficult to grasp and the 
importance of the science in underpinning progress in the clinic 
cannot be overstated. This chapter, written with the generalist in 
mind, outlines the jnmmnopathology of graft rejection and the 
role of the histocompatibility laboratory in transplantation. The 
different immunosuppressive agents and regimens used to prevent 
allograft rejection arc described along with the complications of 
non -specific immunosuppression, namely opportunistic infection 
and malignancy. 



TERMS AND DEFINITIONS 

To aid the reader, sonic of the important terms used extensively 
in transplantation immunology arc defined below. 

Art allograft is a graft between two genetically dissimilar individuals 
of the same Species (the old term homagrqft is no longer used). 
Allogeneic cells or tissue are genetically dissimilar but of the same 
species. 

A syngeneic graft '(or isogrijfi) is a graft between two genetically 
idcnticalindi'vidunts, as in the case of identical twins, An dutQ^jt 
is a graft originating from and applied to the same individual as in 
the case, of a skin graft. 

■s 

A xenograft is a graft between two different species. 

Unman leucocyte cHff&eirj (HLA or HLA nntigrrts) comprise two 
classes (class 1 and class 11) of cell surface proteins whose principal 
function is to display peptide antigens so they can be recognised 
by T ccUs-Jn the context of transplantation mey are the principal 
transplant antigens or nlfoanii^ns. 

The major histocompatibility complex (MHC) is a region of the mam- 
matian genome (designated the HLA region in humans) encoding 
for proteins that have an important role in immunity. These 
include HLA antigens in the human. 

Polymorphism refers to differences in a particular gene fan eric poly- 
morphism) or the amino acid sequence of a protein, e.g. HLA 
polymorphism between different individuals. 



ALLOGRAFT REJECTION 

Organ and tissue allografts provoke * very strong immunological 
response and, unless potent immununosupprcssivc therapy is 
given, rapid and complete graft destruction within one or two 
weeks is usually inevitable. The immune response to an allograft 
is directed against so-called transplant antigens (histocompatibility 
antigens) expressed on the surface of cells within the graft. Graft 
rejection is an adaptive rather than an innate or non-specific 
immune response and experiments where grafts are performed 
between different inbred strains of mice show that it has both 
antigen specificity and immunological memory - the two cardinal 
features of an adoptive immune response (figure 43.1). The anti- 
gen specificity of rejection is provided by T and D lymphocytes 
that recognise transplant antigens by their antigen -specific cell 
surface receptors. 

Transplantation is not a natural phenomenon and no special 
immunological effector mechanisms exist solely to prevent suc- 
cessful transplantation. Graft rejection is mediated instead by the 
cellular and humoral effector mechanisms that have evolved nat- 
urally to provide protection against invading pathogens. Allograft 
rejection is a T cell-dependent immune response and cytotoxic T 
cells, delayed-typc hypersensitivity (DTH) responses and T cell- 
dependent antibody responses may all contribute to the rejection 
process, 
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Figure 43.1 Graft rejection is due to an adaptive immune response. A T 5&, Inbred 
'D' strain mice reject 'A 1 strain and *C strain slcin grafts by 10 days, When 'D' 
strain note that have b«n Serin itiscd by A previous 'C slrtirt iltitl grift are chal- 1 
]enged wiih second grafts they reject "C strain but not *A' strain grafa more 
rapidly. Graft rejection therefore thorn both ,mtigcn specificity and memory, the 
two cardinal feature of an adaptive iiiimuiw rtipomti*. Adoptive transfer or T 
lymphocytes alotie ean transfer accelerated donor specific rejection from a sen*i- 
tisetf to a naive recipient, 
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The ABO blood group barrier 

The A, B, O blood group antigen* arc a crucial consideration in 
organ transplantation. These antigens remit from structural poly- 
morphisms in carbohydrate residues on glycolipids expressed on 
ihe surface of red blood cells. Individuals who do not possess a 
particular blood group antigen develop cross-reactive antibodies 
against chat antigen through closure of lymphocyte to normal 
intestinal bacteria bearing similar or cross-reactive antigens. 
Because blood group antigens are also expressed on the vascular 
endothelium or organs, it is essential to ensure that allografts arc 
ABO blood group compatible otherwise preformed antibodies 
are likely to result in hyperacute rejection. Blood group O indi- 
viduals have naturally occurring antibodies to blood group A and 
group D antigens and can only be given grafts from blood group 
O donors (the universal donor). Blood group A recipients can be 
given grafts from blood group O or A donors. Conversely, blood 
group B recipients can receive grafts from blood group O and B 
donors, Recipients who are blood group AB have no ABO anti- 
bodies and arc universal recipients. Although organ allografts must 
be AliO compatible there is no need to ensure compatibility for 
fthesus blood group and it is not considered when allocating 
organs for transplantation. 

The MHC 

Any protein that rfifFers in amino acid composition between 
donor and recipient may, in principle, act as a transplant antigen. 
Assuming blood group compatibility, by far the most important 
transplant antigens are those encoded by genes in two regions {the 
class 1 and class U regions) of a segment of the genome designated 
the major histocompatibility complex (MHC). The major histo- 
compatibility genes that are located collectively in this region of 
the' mammalian genome were first identified in rodents through 
their inflnen.ee in controlling acute rejection of skin grafts - hence 
[hfe-designation of the region as the major histocompatibility com- 
Tp'ie*.. The ■' MHC did not, of course, evolve as a barrier to 
transplantation since this is an entirely non-physiological situation 
* created by transplant surgery. The role that products ofthc MHC 
■ play as transplant antigens is instead a byproduct of their funda- 
" mental physiological function as immune recognition elements. 

Membrane glycoproteins encoded by genes in the class I and class 
11 regions of the MHC act like a scaffold to selectively display 
foreign antigens as linear peptide fragment* at the cell surface for 
surveillance by T lymphocytes- This, coupled with the fact that 



MHC molecules are highly polymorphic and abundantly 
expressed on the surface of most cell types, explains thcit unique 
potency as transplant antigens. The extensive polymorphism of 
MHC molecules between individuals is unfortunate from the 
perspective of organ transplantation because it ensures immuno- 
logical incompatibility unless the prospective recipient and donor 
are genetically identical. However, it is clearly of great biological 
advantage for the species as a whole because it maximises the 
chance "that there will always be individuals able to mount an 
effective immune response to new and potentially dangerous 
pathogens that might otherwise threaten the entire species. 

HLA 

In human* the major histocompatibility antigens were first identi- 
fied using serological techniques to detect their presence on 
leucocytes. This led to their designation as human leucocyte anti- 
gens, abbreviated to HLA, and the suae term is- used to describe 
the human MHC- The HLA complex is the most polymorphic 
region of the human genome and was the first region to be 
sequenced in detail. It spins around 4000 kilobascs of DNA and is 
located on the short arm of chromosome 6. The genes within the 
HLA arc divided into three regions, known as claw t, class IV and 
class III (Figure 43,2). Genes in the class I region encode, in order 
of discovery, HLA-A, HLA-B and HLA-C (the so-called classic 
class 1 MHC antigens) along with other non-classic class 1 mole- 
cules such as HLA-E, HLA-F and HLA-C Genetic loci in the 
class II region encode the class II antigens HLA-DR, H LA-DP 
and HLA-DQ, along with other proteins that are involved in 
antigen processing but do not act as transplant antigens. The class 
III region is situated between the class I and class II regions and 
encodes a number of proteins of importance in immunity 
although none are major transplant antigens. The most important 
transplant antigens are,al1 encoded by distinct genes in the class I 
and class II regions. The class I region gene products of most rel- 
evance to organ transplantation arc HLA-A and HLA-B (in order 
of discovery) and the most important class 11 region product is 
HLA-DR (for D Related). These three loci or their products are 
those that are routinely typed to determine the tissue match 
before organ transplantation. 

Inheritance of HLA mid HLA type 

The HLA genotype or HLA profile of an individual is determined 
by the particular combination of HLA alleles (different forms of 
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the same gC nc ) that they have inherited from each of their parents. 
HLA genes are co-dominantly expressed so that, depending on 
whether an individual inherits the same or a different HLA gene 
polymorphism from each parenr, they will express one or two dif- 
ferent isofcrms of each HLA molecule. During mciosis the HLA 
genes of a particular chromosome remain closely linked together 
so th.nt the HLA h.iplotype inherited from each pirem is generally 
inherited as a complete unit. HLA haplotypes arc inherited 
according to simple Mendelian genetics. As shown in Figure 43.3, 
there is n one in four chance chat two siblings will share the same 
parental haplgtypcs, or that they wjlj share neither HLA haplo- 
typc, and a one in two chance they will share one HLA haplotypc. 



Father Mother 
a, b c, ef 




3, c 3, d b, c b, d 

child 1 child 2 child 3 child 4 



Fiflu#i! Inheritance of HLA. Each child inherits one HI A hiplcnypc {drsij^- 
naccd a--d) from each parem. In die example shown, child ] shnrcs one l-l LA 
luploEype (i.e. ii hjploidcniidl) with chifd 2 and child 3 but docs not share either 
haplotype ™h child 4. 

As already noted, in clinical organ transplantation the HLA mole- 
cules of most importance are HLA-A, HLA-B and HLA-DR. 
Each chromosome G encodes a single? HLA-A, -E and -DR. anti- 
gen. An individual may therefore express between three and six 
different isoforms of these HLA antigens depending on "whether 
they nre homozygous or heterozygous at each of the three loci. 
The situation for HLA-DR is sometimes rather more complex 
because chromosome 6 occasionally carries an additional HLA~ 
DR gene so an individual could cypress up to four different 
HLA-DR molecules. 

Occasionally, a parental HLA haplotypc is not inherited intact and 
crossove'r and recombination of DNA occur so that part of one 
haplotype recombines with pa ft of another haplotypc, giving rise 
to a new combination (or allele) of HLA genes. Genetic recombi- 
nation of rtLA is not entirely random in nature and certain 
combinations of HLA penes are found associated with each other 
more frequently than would be predicted. This non-random gene 
association ofHLA genes is known as linkage disequilibrium and 
sometimes extends to an entire HLA haplorype. It probably ari$es 
because the resulting combination of genes making up the hapto- 
types confers a survival advantage by providing better protection 
against pathogens present in the geographical environment of a 
particular population or ethnic group. 

HLA polymorph is m 

The MHC is the most polymorphic region of the human genome 
and there is extensive polymorphism of both HLA class 1 and class 



II molecules. Much of the genetic polymorphism observed 
encodes for amino acids situated in the regions of the HLA mole- 
cule that form the peptide binding groove and that bind with the 
T cell receptor. The number of amino acid differences between 
different HLA allotypes varies between one and 50 but even very 
small differences in amino acid sequence are sufficient to create a 
strong histocompatibility barrier to transplantation. 

iiefore molecular typing techniques became available, HLA 
typing was performed by serological techniques. As new allelic 
variants were discovered and their serological specificity defined, 
they were assigned numerically under the letter designating their 
allele. In many cases the original antigen was subsequently spilt as 
further serological analysis revealed further variants and the 
nomenclature became increasingly complex. Using carefutly 
defined panels of sera from individuals who had been sensitised to 
HLA molecules, around 20 different alleles at the HLA-A, 40 at 
the HLA-E and 20 at the HLA-DR locus were identified. DNA 
analysis has revealed that the true number of functional allelic 
variants is several times greater than that revealed by serological 
analysis, with over 100 HLA-A alleles, 200 HLA-B alleles and 200 
HLA-DR alleles. 

To standardise the designation of HLA genes and their protein 
products, a new nomenclature was introduced under the auspices, 
of the World Health Organisation (WHO). In this system, all 
HLA allotypes arc classified on the basis of their DNA sequence. 
Individual HLA alleles are identified first by their gene locus fol- 
lowed by a four-digit number, with the first two digiu signifying 
the HLA specificity and the next two digits denoting the HLA 
subtype. Under the WHO nomenclature, for example, all alleles 
of the HLA-A gene arc given the prefix A* followed by the dig" 
its 01 for alleles encoding the serologically defined M antigen, 02 
for alleles encoding A2, etc. The two individual alleles of HLA- 
A1 are designated A*()l01 and A*O102 and the numerous alleles 
of HLA-A2 are designated A*02Q1 to A*0226 respectively. 
Additional digits are used to indicate DNA polymorphisms that 
do not tkuIe in functional allelic variants and the suffix N is used 
to denote null alleles where a particular polymorphism prevents 
gene expression. 

Structure and Junction of HLA class I and class II 
molecules 

HLA molecules arc of such fundamental importance to graft 
rejection that a full description of their structure and function is 
merited. The physiological function of HLA class I and class II 
molecules is to hind foreign antigen in the form of linear peptide 
and display it at the cell surface for surveillance by T cells- Antigen 
displayed in this form is recognised by antigen-specific T 
lymphocytes and these then trigger a protective cellular immune 
response. The role of HLA molecules in this regard is crucial since 
the antigen receptor on T lymphocytes cannot recognise proteins 
from pathogens in their native form but only after they have been 
broken down and displayed as peptides bound to HLA class I or 
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class II molecules. Moreover, the specificity of the T «H receptor 
is such that it cannot recognise peptide per sc but instead recog- 
nises a molecular composite comprising the antigenic peptide 
along with adjacent parts of the HLA molecule to which it is 
bound. 

The Three-dimensional structure of ctoss I and class II molecules is 
broadly similar in that they both possess a deep pepti de-binding 
groove walled by two parallel alpha helices and floored by a beta- 
pleated sheet (Figure 43.4), This functional structure is achieved 
in a different way. by the two classes of HLA molecule. Class J 
HLA molecules arc made up of a transmembrane heavy chain (the 
alpha chain) associated non-cnvalcntly with a small non-polymor- 
phic molecule called bcta-2 microglobulin that is encoded by 
chromosome 15. The alpha chain of class I has three extracellular 
immurioElobulm-like domains and two of these (the alpha- 1 and 
alpha-2 domains] make up the peptide-binding groove. Class II 
HLA molecules, on the other hand, comprise two membrane 
bound chains, the alpha and the ben chains, each of which has 
two extracellular immunoglobulin-likc domains- The peptide- 
binding groove is formed by the alpha- 1 domain of the alpha 
chain and the beta-1 domain of the beta chain. 

Peptides can only bind within the groove of a MHC molecule if 
they contain the relevant amino acids, or anchor residues* which 
collectively constitute n peptide-binding motif for that particular 



HLA molecule. The lengths of peptides that can be accommo- 
dated in HLA molecules arc also constrained by the architecture 
of the pcptide-binding groove and this differs for HLA clnss I and 
class II. HLA class I molecules have a binding groove that is closed 
at each end and bound peptides are usually ft- 10 amino acids in 
length. The peptide-binding groove m class II molecules is open 
ended, allowing longer peptides, typically 12-25 amino acids in 
length, to be accommodated. 

An important point to appreciate, particularly in the context of 
transplantation, is that cell surface HLA molecules rarely have 
'empty' peptide-binding grooves, When they arc not occupied by 
an antigenic peptide derived from pathogens, they are filled 
instead by non-anti genie peptides derived from intracellular and 
cell surface proteins. In fact, even in the presence of an infection, 
the majority of bound peptides in HLA are still derived from self- 
proteins rather than from the invading microorganism. 

Peptides presented by the two classes of HLA molecule arc 
derived from two different antigen-processing and presentation 
pathways (Figure 433), HLA class I molecules present peptides 
derived from the intracellular environment. Endogenous proteins 
synthesized in the cytosol (sclf-protcins, viral proteins and intracy- 
toplamiic bacteria) are broken down into peptides and transported 
to the endoplasmic reticulum where they bind to HLA glass I 
molecules and are then transported to the cell surface. HLA class 
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(A) Class 1 MhiC pathway 




(6) Class II MHC path way 
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imiTAllloljIobulin-lilcc molecule iLirnprisiny; two similar polypep- 
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can be divided into two subclasses according to whether they 
express CP4 or CDS eel] surface glycoprotein molecules. 
Whereas CDS T cells are cytotoxic and able to kill target cells 
bearing antigen, CD4 T cells have a helper function and arc 
known as helper T cells. The non-polymorphic CDS and CD4 
molecules function as co-receptors during antigen recognition by 
binding to non-polymorphic regions, of HLA molecules on the 
antigen -presenting cell. Because CDS binds only to HLA class I 
And CD 4 only to HLA class II, the two functionally distinct T cell 
subsets recognise peptide antigens derived from different antigen- 
processing pathways. 

The ligation of the TCR complex by HLA-antigen leads to acti- 
vation of a cytoplasmic tyrosine kinase molecule, 
Activation of ZAP-70 initiates a series of complex downstream 
signalling cascades that culminate in the activation of a set of tran- 
scription factors comprising NFkB, NFAT and APU These three 
transcription factors then turn on the genes necessary for T cell 
activation and differentiation. However, the signals arising from 
the TCR- complex are not by themselves sufficient to cause foil T 
cell activation. Indeed, ligation of the TCR alone {so-called signal 
1) may encourage the T cell to become unresponsive or anergic 
instead of fully activated. To achieve full activation, the T cell also 
requires the delivery of additional or co-stimulatory signals (col- 
lectively comprising signal 2) T These arc provided when 
non-polymorphic receptor molecules on the T cell surface bind 
to their ligands on the surface of the antigen-presenting cell and 
provide supplementary activation of ZAP-70. Important co- 
stimuhtory molecules expressed on antigen-presenting cells 
include CD80 and CDSG, that both bind to and CD40 
whose ligaild is CD 154. 

A / forctogn it ion pathuw ys 

HLA antigens in a transplanted organ can be recognised by two 
different routes designated the direct and indirect pathways of 
aJlorecognin'on, Until recently, the direct pathway of allorecogni- 
tion was regarded as the principal route for allorceogmtion hue it 
■has become increasingly clear that indirect aJJorccognition is also 
important. 

Direct allor,ecognition 

During direct alio recognition, which is unique to transplantation, 
the recipient T ccU'rccognises intact donor HLA molecules com- 
plexcd with endogenously derived peptide expressed on the 
surface of a donor strain antigen-presenting cell [Figure 43.7). 
The most effective type of donor strain antigen-presenting cell 
(AFC) is the interstitial dendritic cell, known, in the context of 
transplantation, as .i passenger leucocyte. The interstitial dendritic 
cell i$ a bone marrow-derived leucocyte that is widely distributed 
throughout all of the commonly transplanted organs. These cells 
arc richly endowed with both class [ and class II HLA molecules 
and are armed with the full complement of co-stimulatory mole- 
cules needed to cause T cell activation. 

G78 




Alio MHC/ 
peptide 




Self MHC/ 
allopaplide 



(A) Direct adorecognllion (B) Indirect al Precognition 

Figure 43-7 AUoamigefl teeopitkion pathways. A. In direct alto recognition. rh4 
recipient T cell recognises allogeneic MHC (plus bound endogenous peptide) on 
che iorface of a donor APC. B. In indirect * II ore Cognition the wip-tent T cell 
recognises and responds to shed donor-derived alln-intigcn jftcT been lalirn 
up by a recipient A PC ,m<J pteserttud as peptida bound iei Ailf-MHC. 



Why should T cells recognise and respond to allogeneic HLA 
molecules but not sclf-HLA molecules? To answer this question it 
is necessary to consider how the normal T cell repertoire is selected 
as it develops within the thymus gland. As T celjs mature they 
undergo a two-stage selection process. First, they undergo positive 
selection during which only chose T cells that are specific for com- 
plexes ofself-HLA molecules and peptides derived from breakdown 
of self-proteins are allowed to survive. All remaining non-reactive 
T cells are destined to die by apoptoMs, Ne*t T the developing T 
cells undergo a negative selection process during which any T cells 
whose antigen receptors hind too strongly to sclf-HLA and sclf- 
peptide are delererf. This is an important selection process because 
if high-affinity autoreactive T cells were not purged in this way 
autoimmunity would develop- The final T cell repertoire remain- 
ing after thymic selection, therefore, comprises T cells with a wide 
mnge qf antigen specificities, all recognising sclf-HLA and bound 
endogenous peptide but with insufficient binding affinity to cause 
T cell activation. During an immune response to a foreign prorcin 
antigen, T cells recognise the complex ofantigeme peptide and self- 
HLA with high affinity and respond accordingly. 

When, following organ transplantation, T cctis encounter intact 
allogeneic HLA molecules and their bound endogenous peptides 
on donor APC,. about 5% of them are activated. This is an enor- 
mous response considering that only around one in 10 000 T cells 
recognises a foreign protein antigen during a physiological 
immune response. Two hypotheses have been advanced to explain 
why so many T cells respond so strongly to intact allogeneic HLA. 
The 'multiple binary complex hypothesis* states that the respond- 
ing T cells comprise multiple T cell clones each responding to a 
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molecular complex of foreign HLA and one of the thousands of 
different endogenous peptides bound within the groove of the 
allogeneic HLA molecule. The 'high determinant density 
hypothesis 1 states that the specificity of the alloreaetive T cells is 
predominantly directed against the allogeneic HLA molecule and 
that the identity of the bound peptide is not critical. Accordingly h 
all of the hundreds or thousand* of HLA molecules expressed on 
art individual APC will be recognised as 'foreign'. This is in 
marked contrast to a physiological immune response where only 
a relatively small percentage of self-HLA molecules present a 
foreign antigenic peptide and the remainder continue to present 
non-immunogenic self-pep tides. The high density of antigenic 
HLA molecules present during direct allorecognition exceeds the 
threshold for the number of TCR molecule? needed to trigger T 
cell activation, even when the affinity of the TCK, for allogeneic 
HLA is not very high. These two hypotheses outlined above atc 
not mutually exclusive and a combination of both is the likely 
explanation for the strength of the direct alloimmune response. 

Indirect allorecognition 

During the indirect pathway of allorecognition, recipient T cells 
recognise allogeneic HLA molecules {or any other polymorphic 
protein unique to the donor) after they have been processed and 
presented as antigenic peptides by recipient HLA molecules on 
the surface of a self-APC (sec Figure 43.7). The indirect pathway 
is therefore analogous to the normal immune response to a 
foreign protein and the donor interstitial cell plays no role other 
than acting as a further source of allogeneic HLA molecules for 
uptake and processing by recipient APCs, Within a few days of 
transplantation, donor interstitial dendritic cells migrate from the 
donor organ into the recipient lymphoid tissue. This leaves 
the graft devoid of ^cjfe^ori 3 ^ APCs and considerably reduces 
the scope for further activation of T cells by die direct allorccog- 

' nation pathway. It has been postulated that once donor dendritic 
cells hnvc ■ disappeared t the indirect allorecognition pathway 

^assumes' an increasingly important role in graft rejection. The 
indirect allorecognition pathway may be particularly important 
during chronic .allograft rejection. As noted earlier, extracellular 
protein antigens are taken up by APCs via the endocytic pathway 
and the processed antigen is then presented to CD4 T cells by 
HLA class. II molecules. HLA antigen shed from donor cc)]s is 
treated the same way and therefore generates a predominantly 
CD4 T helper cell response. In contrast to T celts that recognise 
HLA directly > dD4 T cells activated by the indirect pathway are 
not able to directly damage the graft since they do not recognise 
intact donor HLA on target cells* They are able, however t to 
provide essential T cell help for CDS T cells activated via the 
direct pathway, They can also provide cognate help for alloanti- 
body and can mediate an iutrsgrafr. DTH response. 

Minor histtitvirtpfltlbility antigens 

Although HLA antigens arc the most important barriers tq suc- 
cessful transplantation, peptides derived from other polymorphic 



proteins expressed in the donor can also act as transplant antigens. 
These antigens, known collectively as minor histocompatibility 
antigens, are presented by recipient APCs via the indirect path- 
way of allorecognition. Multiple minor histocompatibility 
antigens are likely to be present in all organ transplants and one of 
the best characterised in experimental mouse studies is the male or 
HY antigen. Although minor histocompatibility antigens arc, as 
their name implies „ weak transplant antigens, multiple minor anti- 
gens can exert a cumulative effect and they can cause rejection 
episodes when kidney transplants ate performed between HLA 
identical sibs. 

B cell alhrecognltfon 

In contrast to T cells that can only recognise HLA molecules as 
peptide fragments, H lymphocytes are able to recognise, through 
cell surface immunoglobulin receptors, conformational antigenic 
epitopes expressed by the intact allogeneic HLA molecule. 
Alloantibody production by B lymphocytes is critically dependent 
on the provision of T cell help. The D cell internalises allogeneic 
HLA molecules by receptor-mediated endocytosis and then 
processes and presents HLA-derived peptide in the peptidc- 
binding groove of HLA class 11 on its cell surface. The processed 
alloamigen is recognised by T cells activated by the indirect path- 
way and these then deliver the essential help required for B cell 
activation and alloantibody production, T cell help for B cells 
takes the form of cognate receptor ligand interactions such as 
CD40 with CD154 and cytokines such as 1L-4, IL-5 and TGF-ji, 
Cytokines ate important for promoting B cell maturation into 
antibody-producing plasma cells and for promoting the produc- 
tion of different antibody classes (IgM to IgG) and subclasses 
(IgGl, IgG2a and IgG2b). The antibody isotypes retain their orig- 
inal antigen specificity but display different effector functions. As 
will be outlined later, alloancibodies make an important contribu- 
tion to graft rejection. They may cause hyperacute rejection of a 
kidney allograft in a sensitised recipient and they may contribute 
to both acute and chronic rejection in all types of organ allograft. 

Lymphocyte activation, differentiation and 
expansion 

During the first few days after transplantation, donor-derived 
dendritic cells migrate from the graft into the secondary lymphoid 
tissue of the recipient. Here they present intact donor alloantigen 
to naive alloreaetive T cells and B cells. In addition, intact 
alloantigen is released or shed from the graft as membrane frag- 
ments and circulates to the secondary lymphoid tissue where it is 
taken up by recipient APCs which then activate alloreaetive lym- 
phocytes. After T and B cells are activated they undergo a period 
of clonal expansion and differentiate into regulatory and effector 
cells. Circulating paTvc T and B cells may also first encounter 
alloantigen within the graft rather than the peripheral lymphoid 
tissue and then undergo clonal expansion in situ. Activated T cells 
acquire the ability to produce a range of regulatory cytokines* 

679 
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uprcgulatc or downrcgulatc the expression of various cdl surface 
molecules and develop the capacity to kill target celts by produc- 
ing lytic granules. D cells differentiate, with the aid of T cell*, into 
antibody-producing plasma cells. The differentiation and dona] 
expansion of lymphocytes is dependent on a range of cytokines, 
including 1L-4, 1L-7, FL-9 and IL-15, These cytokines 

therefore play a critical rqle in allograft rejection. 

Lymphocyte cell surface receptors for the different T cell growth 
factors comprise units of two or three polypeptide chains. All of 
the receptors share a common gamma chain. IL-2 and 11-15 arc 
particularly important T cell growth factors and although their 
receptors each have a unique alpha chain, they also share the same 
chain. Not surprisingly, therefore, FL-2 and have a 

very similar biological function. There is considerable redundancy 
and functional overlap among all the T cell growth factor family 
of cytokines .ind this may explain why targeting an individual 
cytokine or its receptor (e.g. IL-2/IL-2 receptor) docs not neces- 
sarily prevent graft rejection. 

After activation, T cells may differentiate into at least three func- 
tionally distincr populations. CDS T cells differentiate into 
cytotoxic effector cells. CD4 T cells, on the other hand, may dif- 
ferentiate into either Thl or Th2 cells. These two T helper cell 
subsets arc defined in terms of the pattern of cytokines they pro- 
duce and have a counter-regulatory effect on each other that may 
polarise towards either a Thl- or a Th2-donunarcd response. Thl 
cells produce IL-2 and IFN-y and are responsible far directing 
cell-mediated inununc responses whereas Th2 cells secrete 1L-A r 
IL-5, IL-10 and IL-13 and are mainly responsible for promoting 
autoantibody responses. Through release of cytokines, CD4 T cells 
play a pivotal role in orchestrating the different cellular and 
humoral effector mechanisms that contribute to graft rejection 
(Figure 43.8). 

A* the alloimmune response develops there is progressive 
mononuclear cell infiltration and deposition of alloanobody 
within the graft. In unmodified animal models of transplantation 
■ there is complete graft destruction by 7-10 days. Infiltration of 
•t]ie graft by mononuclear cells starts very soon after iransphnca- 
-_tion and is facilitated by tissue injury arising during the transplant 
. procedure. An - organ graft inevitably suffers a degree of 
ischaemie injury during transplantation and this contributes to 
the early mflammatory response. Activated macrophages that 
have been resident^ or recently recruited to the gr.ifc produce 
cytokines such as IL-l/lL-6 and IL-8. These cause uprcguhtion 
of adhesion molecules such as and E-sclectins, vascular 
addressins and intercellular adhesion molecules- 1 and -2 
(ICAJvM and 1CAM-2) on the endothelial cell surface and 
facilitate binding of lymphocytes that express complementary 
adhesion molecules. Over die course of the next few days, 
increasing numbers of lymphocytes home to the graft where, 
after binding to endothelial cells, they migrate into the graft tis- 
sue under the control of chemokine? such as IL-8, macrophage 
inflammatory protein (MIP), RANTES and macrophage 
chemoattractant protein- 1 (MCP-1). 
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Hpur* 43_g Central role of the CD-* T helper cell in ore h«r rating allograft rejec- 
tion. After aerivartun the- CD4 T cell pr oduen a range of cytokines ihar prompt? 
the development oFDTH. CDS cytotoxic effector eelk and antibody. 

Intragraft effector mechanisms 

Most of the different cellular and humoral effector mechanisms 
that the immune sysrem has evolved to protect against invading 
pathogens can play a role in allograft rejection. As already noted, 
alloantibodies play an important role in tissue destruction^ espe- 
cially in the sensitised recipient. After binding to target antigens 
within the graft vasculature, antibodies may induce target cell 
damage by a variety of mechanisms. Bound antibody may activate 
the complement cascade via the classic pathway, culminating in 
formation of membrane attack complexes and cell injury or death. 
Antibody may also cause cell damage indirectly by guiding non- 
specific effector cells such as macrophages and non-specific 
cytotoxic cells onto target cells in the graft. Finally, alloantibody 
may, through cross-linking cell surface molecules on endothelial 
cells, cause endothelial cell activation leading to release of 
cytokines and growth factors. 

Specific cytotoxic CDS T cells recognising donor HLA class I 
antigens are able to kill target cells by release of lyric enzymes such 
as perforins and granzymcs, by triggering the Fas death pathway 
and through release of the proinflammatory cytokines such as 
tumour necrosis factor alpha (TNF-Ct). CD4 and CDfJ T cells are 
able to initiate a DTH response through release of proinflamma- 
tory cytokines, such as IFN-y, leading ro recruitment and 
activation of macrophages. Activated' macrophages function as 
non-specific ciTeetor celts by releasing a wide range of notions 
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ri;;tT!"s. These i i_c ki prohjilan unatory cytokine S'.teh its INf-CC, 
enzymes such lysozyrrw : • "i H iiyiirolHSt-' tin J nxyge'i doMv#i Lives 
t-Jich iis hydrogen pcro:-:Lic and nitric oxide. Activated eosinophil 
may nlso contribute u> allograft rejection by re "easing a vangc of 
r<:»;:if rnoleiTviSe^j enzyme*, cytokines /ik'I lipid i lieC.iLuorS. M-ldlly, 
™tn^nl killer (l^TQ cells mpy play n role through reiense fit" [FN- V 
and through cc 1.1- media ted * tiling. There is considerable redvn-- 
ebney in the eAecror mechanisms responsible for allograft 
rejection and. attempts i.u prevent rejection :n* most likely Co be 
effective it' they disrupt ilie allnhmii'.ine response at the level Ctff 

die T cclJ rather than a: rhc levsi r*t" rnc elector liiccrhanisnis 
themselves, 



Psitwf^s of ftilogrftft tejeetiOT! 

Three distinct patterns Dftrilogrstt rejection are n:cog.nisrcl. "^hese 
occur at different times after fcrc mroJantacion and each has p differ- 
ent histoniivhoJogical appearance, 

Hyperacute rejection 

'Tin is occurs within mirjures or hours oftrsisisplaniiHion and ts Line 
m the presenile of prctomied nnrihodie? in the recipient. These 
bind to the v^c iiljir emlothclju"i of the grrfi soou nf it is rco?r- 
nisec wich recipient blood Antibody binding; activates 
eailipietn'.Tit and also eau.se* type I activation of the t/ascnlar 
endothelium. The net effect is rapid and extensive intravascular 
thrombosis and irreversible loss of ffrart fynrti-on, Hyperacute 
rejection occurs when an organ is, tramp lanced Into a blood 
grtiiip-iflCurApatible recipient and it essential for all types of 
organ transplant to ensure ABO compatibility. Hypenimtc rejec- 
tion also occurs when a recipient has preformed eyro toxic 
.illoanci bodies directed a gains; HLA class I expressed by the graft. 
Afiti-HLA antibodies may nrisr following allogeneic blood trans- 
fufiion, pregnancy cir a previous organ transplant. For unknown 
reasons, kidney allografts; tire rn ore vulnerable to hyperacute rejec- 
tion than other types of" solid org&n transplant whereas liver 
transplants aire relatively restacati:. Tn clinical practice, hyperacute 
rejection of kidney allografts car) be avoided completely by per- 
forming ;i pre transplant rrore-rrmtch test to make sure that there 
.ire no anti-donor HLA aUoantibod'os present. 



/ktfff rejection 



Acute rejection occur* within days o^ weeks of transplantation 
aad it i:- no; commonly encountered beyond the 11 rat six months, 
it is generally Htrnbntcd to cellular effector mechanisms n I though 
alloanrlbody may nl^o play an important inlc, When rejection 
occurs vv'irbin the tiist week it is known ?s accelerated acute rejec- 
tion and is ;i censenuence of previous seiis^saiion lo HLA 
;|llli^ri!;. Aeiite rejection is n^uaJJy accompanied by progressive 
HOnnn uc: car cell "m titration of tht* t^ii Ft (Figure 43.9). The ii tol- 
erate is herem^neous in nam re and inckides hirye n umber* off 




Figure 4:i.9 Acute :-tnr.l sllciiiruft TejeiTci^u. 'Tow iv J kmvy imvntin*\ if.iiltralc 
i»f ■im-jnmiL'ltfiiT eeWx n^aiivAlfJ with ri'lanunicinn o I - "h* % rt'Tlil! CUbllliTfi, 



cells, t3 Cells, activated macrophages ;md NK cells, AJioasidbocly 
deposition may nho occm\ ln;itkJ3y the ceUiilai* iLifiUnue is pre- 
dominantly perivLKCuiiar i:t distribution but soon it becor^es 
distributed [h.-yu^houx the inters;;^ ui:\ of the prinfc iind is associ- 
ated wirh a variable degree of graft cell injury. In nmund 1 0—20% 
of\::ise:i, infiltrsktion .md d;nriiigt of the graft viisciiliiturc is a dom- 
inant Tenure and this is known ,is *ieute vascular reject] on. Severe 
acute rejection is characterised by in Le-s ci tin! haemorrhage, necro- 
sis and eventually thrombosis and irreversible graft destruction. 
Tl^e ErrJlTt fceeunies Swollen nnd rueniorrhagic and m;iy even 

In the era before cyclosporin, acute rejection used to be accom- 
panied by pyrexia together with swelling and tenderness of the 
j^aft and was a common muse of graft loss. Episodes of acute 
rejection .ire sfiil connnyn (occurring in 25 -40% of transplant) - 
However, they arc not usually aswdated with such florid clinical 
signs and in most cases are reversible with supplementary 
immune suppressive therapy. Few grafts [<\0%) are now lost 
through acute rejection. 

Chronic rejection 

Chronic: rejecticui u:;unJly occurs beyond the first six montlis and 
is the niiijor nwv? of Jong-term ftrafi HxiJure. The pachophysiology 
ofthro.llK rejection is less we : .J understood thjm that nfhypera- 
C-j.te ;md acute rejection, AUosntigCTl-dcpcndcnt cfTc^tor 
merhnnisrtis nndoubtedly play a hey in chruriic rejection but 
i ill on nti gen-jn dependent fuctors arc .ilso important. The c'!i?rac- 
renstic histologics J feature of chronic r^j^rrion is prOgreMivc 
rnyointimaJ proVifemtign wivhin rhc arteries of the grnft leading to 
ischaemia, fibrosis and deterioration h graf: mnccioii (Figure 
A?>. !0). Horli iiljoar.tlbodies iind cellulrir etTector n^echanisnlls h«ivc 
been shown ro rrlg^er chronic rcjeetjon nnd the arterial pathology 
observed likely represents the «ereotypic:iJ remodelling rernmipe 
o f :h e arte r.i .il tree to iniuTV, 



Ml 
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Pigure 43,10 £h:'QJUC ttr.nl I'J^amtL scr-icfcicKt. Ths mt-Jium-mzid irtury *}ns'.^ 
ni\;Mfinim'. ;in>fi few-kin t'ltiiir^ liwepiLnc nanuvviiift .wi alitiuit iiti;i;^Lu- 

Alt ho ugh chronic rejecr.irvn ticum months and years ;itttr 
trans pi ;uit:u inn i[ is clear thflt event* occurring during cbc p<iH- 
trcmsplant period may have a .major influence. H particular* factors 
that produce early graft: inj ury appear :o exacerbate chronic rejec- 
tion. A iiujnbtfr of risk factors ibr the development of chronic 
rejection have been iden h Tied, Of dicse. previous episodes of 
iit'i'itc rejection that an? either multiple or resistant Lo stieroid ther- 
apy iire ibe mosr important. Other risk factors arc poor HLA 
matching, long cold ischacmic time, inadequate levels of 
ininiiinosLipprcr^ion and CVIV infection. Unlike acute rejection, 
t".liTOnk- re'jfCLitir, largely resistant to treatment with nva ihil>le 
i m m i.i n osi.i p prcs vi ve trier" py . 



THE HISTOCOMPATIBILITY 
LABORATORY 

Tho hlscocoinpatibility laboratory has two important .roles in clin- 
ical transplantation. Fi^t, nnd perhaps most important the seni of 
po:ential transplant recipient arc screened fur the presence of 
antibodies which would be derrinitntal lo prraft survival, Second, 
HLA typing of donors p.nd recipients .is pc/rfnnricd *0 tbflt mutch* 
it'*3 ctn be undcrtake-ii to reduce ihtf risk of graft Jott (Votti 
rejection. These inhnrsirory iTrvcsrigiicions are of most relevance io 
Sidney nrsirispla nation, Tji the UK 4 thtf histOCOittpacibility l.iboru- 
;ory is ,:il?o responsible for establishing, by mean 5 of genetic tcsvs 
based on DNA v;i Ma Lions, the genetic relationship between a pro- 
posed living donor and tlirir potential recipient as required by the 
Human C>g:vM Transplants Regulations 

Antibody scr***iitsg 

Patierus awriirn K orgim transplantation may hnve developed anti- 
bodies CO .HLA through blond transfusion. phcgnaTicy lit .t 
previous o-^in transplant, [11 chc case of k.Un«*y rriinff !siric;itinn ir; 
is iutpo; -ritiu tn;it n reripKn[ is not jjivjn ;l kidney beiirintj; I I, LA 



Miitij^ns a^inst which rhey have developed ;int.iboclies. U'tr^ns- 
pl;iT t:i:iOli were 'O proceed in ;hc- presence oT prt'lbinied 
iinti-HLA antibodies it wouid tikely ;'<f?S't.il: J n hyperacute rtfjei cion 
;r.ici immediate ^nift !oks. O^bcr rypes of solid or^u rransplant :rt 
W «;v*4rv|:rblc r: hyperaeiiie ••ejr.';^io-i b\i: may ii-A^id ir^fcrpi 

Liecelcr;U=d .icLite reject"! Or;. Livt: 1- tr;i T \spl? ritation ca.il IW per- 
formcd safely in the p;esi^icc of arefc-i'-ned .ir.i-d.ofio? HI. A 
An^bodlOS W.moiit hypetacLite or ;ict:ejerr(te;i rcjectinn bin there 
may bs ui defnner'tpl efTVct on lcn^-vcn 1 ;rrat"t survival. 

The o" patients on trie waitinR list forrertiil trdnsplancariOT} is 
ron finely screened to deterrmn^ -he presence ;ir--d specineity ot" 
HLA ancibodies. Screening of sen should be under^k-er' be+brc 
aotiVicid'jn <> t » the trnns plant wairini ^ist urid [nen period Scully 
:}iereif;ej-. It can be pcrfbi mcd ir. a variety of ways. L'iimn-ioTiiy, 
the piitknts' rcra arc screened in ;i [niL^-o;ymplincytotovi^>; m- 
using lymphocyte taiget cell;, obtained front ;m HLA- typed piincJ 
oi"doriori> carefully chosen to rcprc&eiK ^1 wide range ut'thc more 
co-nmorJy enco';n:ered HLA .):i;i,ge^s. Typicaliy the cjjtent 
which ;;i patient is sensitised tn HLA 15 expressed as the ocrcentage 
of the donor p;i.nel ii}r;;ii.n&r: which rhey hive cross-resiccive ^n:i- 
bodies, so-called *pa.iicl re^etiviiv'. Highly sensitised patients are 
arbitrarily defined as those who re;*cc with more than S5% of the 
panel eeSls. A ra.n^e nl cuniTnerciaJ assays is now also available for 
screening ser;i for the pres^ne*? of HLA antibodies. These nrc in 
widwprcwei lists iT,d enipioy purihed J-[LA class I antigens bound 
to eirher rnic:rnr.itre plates or microbcads flnd rely on .LiLlSA r.nd 
flow cyron-rerry, respectively. :o fiercer the presence of bound 
HLA ftneibody, 

Whsn prospeenvc cadaver or living dgrjor has been identified 
for a kidney recipient, a lymphocyte cross- match res: is routinely 
performed :o ensure the absence of harmful anu-HLA antibodies, 
In this assay. th<; most rccciK recipient serum (jilonfi with histtiri- 
cal serai if, tested against donor lymphocyte target cells. For many 
years, -ill laboratories undercook this analysis using 3 coTTiplenien-L- 
dcpendcni microlymphocytoto^idty iis^ay in which clor;-^r 
lymphocytes are incubated wid" recipient sera in the presence of 
rabbit complement;, Andbod\ binding c:iusei t^r^ef cell lysis diiit 
in dctectefl iriy microscopy iJsirtg .1 dye tiistinguish between 
living and dead target cells. Separated T and Ft lymphocyte are 
used st-ss cargoes in order to detect die presence ;;r'cl?.ss ( and class 1 1 
antibodies respectively. A positive T cell cross- marc h is u con- 
traindiCEition tn rcn?.! transpiantacion. A negative T, positive B 
cross-rn,itch is dlso associated vvirii pbcir rena.) allograft outcome if 
it is due to the presence of nnti»HLA T^C ^niibodie?!, Oficn, 
however, a positive B cell cross-ri'.iarch rest .irises because of Lhe 
presence of antorcactivc antibodies nnd th^sc are not cl?trinwnM! 
co ijraft outcome. Sintic autonntibodiei arc .mosdy of rhc 1 g*VI cL'j>-i 
they can be inactivated by t™n'ng the sera with a reducing agent 
such ;.is dithiotlircito! (DTT), cherehy- n [lowing a disci net ion to b-: 
made between IgG class anri-HLA antibodies, hi acnM*.^cd 
pitien-:>. the levels of HLA antibodies rr^y v: : iry ovrr ti-ne. Si 1 
ion^ w ii cross-match test usi?ip; the most recenr prciraS'plar 1 ' 
ser.nri sample is negative, renal rranspknt. j \'.ion ea.i ijMLiily 
Luidertn'ten Rifely even when ii historical sernrn Kamplc * 
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positive cross-match. Rctransplantation is, however, not normally 
advisable under such circumstances, 

Al [hough some laboratories still use the lymphocytotoxic cross- 
match test, many now use the more sensitive flow cytometric 
cross-match instead. In this test, recipient antibodies that bind to 
donor lymphocytes arc detected by adding a fluorescent nnei- 
human IgG antibody and then identifying labelled cells by passage 
through a flow cytomctcr. Additional staining can readily identify 
T and D Cells, thereby avoiding the need to physically separate 
them in order to distinguish HLA class 1 from HLA d^s II anti- 
bodies. 

HLA typing 

HLA typing used to be undertaken exclusively by serological 
analysis using the complement-dependent microlymphocytotoxi- 
city test and some centres still use this approach, Carefully selected 
panels of well-charactcri$ed antisera from multiparous women 
who have developed antibodies against paternal HLA antigens 
together with monoclonal antibodies directed against defined 
HLA specificities arc used to prepare Terasaki microtitrc trays. 
These are then frozen until required. Serological typing is usually 
performed an lymphocytes prepared from a sample of peripheral 
blond. Purified lymphocytes are added to thawed microtitrc trays 
and rabbit complement it added. After incubation an intravital 
dye is added and the trays arc examined by an inverted micro- 
scope to determine whether cells in a particular well have 
undergone lysis, indicating that they have bound antisera against a 
particular HLA specificity 

The majority of histocompatibility laboratories now perform 
HLA typing by molecular techniques, although a minority still rely 
on serological methods to type HLA class I. Molecular typing has 
clear advantages over serological typing. It is usually performed on 
genomic DNA isolated from peripheral blood cells and because 
viable cells ate not required, patient samples are easier to transport 
..and to store. The "oligonucleotide primers used for molecular 
typing arc standard from laboratory to laboratory and can be read- 
ily s'ynthcsiscd on-demand. Finally, molecular typing provides a 
much greater resolution of HLA polymorphism than serological 
analysis and allows identification of HLA specificities that cannot 
otherwise be. detected. 

The molecular. typing procedures commonly used are all based on 
the amplification of genomic DNA using specific oligonucleotide 
primers in the polymerase chain reaction (PCR). There are a 
number of different approaches. In one approach (PCR-SSOP), 
DNA encoding the HLA locus of interest is amplified by PGR 
and the particular HLA allele is then identified by probing the 
PCR product with a scries of labelled sequence-specific oligo- 
nucleotide probes (SSOP). Sequence-based typing ($UT) is an 
alternative approach where PCR is fnst used to produce a 
product encompassing the particular HLA allele of interest. The 
nucleotide sequence of the amplified PCR product is then deter- 
mined using a DNA sequencer and matched to the known HLA 



sequences to determine the HLA allotype. A third approach, 
PCR-SSP, uses a panel of sequence-specific primers (SSP) 
designed to amplify particular HLA alleles or groups of alleles in 
the PCR. The PCR product* generated arc subjected to gel elec- 
trophoresis and the resulting pattern reveals the HLA type. 

Attempts to reduce the HLA mismatch between organ donor and 
recipient are made only for kidney and not for other types of solid 
organ transplant. It is not practicable for heart transplants and in 
the case of liver transplants appears to offer no immunological 
advantage. 

In the context of kidney transplantation, HLA typing allows 
detection of HLA antigens in the donor against which a recipient 
may be sensitised and it allows the opportunity to reduce the mis- 
match when allocating a cadaveric kidney for transplantation. 
Mismatches for common HLA antigens should when possible be 
avoided, especially in young patients, because if the recipient 
becomes sensitised and graft failure occurs, retransplantation will 
be made more difficult because of antibodies to a high proportion 
of potential donom. There is a progressive increase in renal allo- 
graft survival as the HLA- A, -ft, -DR MM grade decreases from 
6 to 0. However, a balance between the practicalities and the 
benefits of HLA matching is needed. In the USA many centres do 
not attempt to match cadaveric kidneys for HLA antigens and rely 
on the use of additional immunosuppression to overcome 
increased rejection in poorly matched grafts. In the UK an 
attempt is made to obtain a fnvourablc match, i.e, 0 MM at HLA- 
DR and no more than 1 MM at HLA-A and/ or -B. 

IMMUNOSUPPRESSIVE THERAPY 
Historical perspective 

The successful development of organ transplantation was to a large 
exrent dictated by developments tn immunosuppressive therapy 
and an understanding of the history of immunosuppression 
provides a valuable perspective on modem immunosuppressive regi- 
mens. Early attempts to prevent rejection of kidney allografts used 
whole-body irradiation but with few successes and considerable 
side effect*,. A breakthrough an the search for chemical agents that 
could replace irradiation came in 1959 when Schwartz and 
Damashek found thai non-rnycloablativc doses of G-mcreaptop- 
urinc, an anti-cancer drug, were immunosuppressive. 
Azathioprinc, an analogue of o-mercaptapuriiie that could be 
given orally* was then shown by Calne and Murray in Boston to 
prevent rejection of canine renal allografts. Azathioprinc was, 
when used alone, less effective at preventing renal allograft rejec- 
tion an humans but it wa* soon realised that its efficacy improved 
when it was combined with steroids in the form of prednisone. 
The combination of azathioprinc and steroids gave a one-year 
renal allograft survival rate of 65-75% and became, for the next 20 
years, the standard immunosuppressive regimen for renal trans- 
plantation. In 1°66, Starzi and colleagues in Denver described the 
use of polyclonal ami -lymphocyte serum (ALS) as an adjuvant to 
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a?athioprine and steroids. ALS was a valuable addition to csistinfi 
therapy and provided, when necessary, a menus for increasing the 
level of immunosuppression after renal transplantation. ALS also 
contributed to the early successes in heart and liver transplantation. 
In the early 1980s the first monoclonal antibody 10 be used in 
transplantation was introduced. This was a mouse antibody 
(OKT3) directed against the human CPS molecule found on the 
surface of" T cells and it provided .1 potent alternative to anti- 
lymphoeyic scrum for induction therapy and treatment of 
steroid-resistant rejection. 

The introduction of cyclosporin (cyclosporin A) in the early 
198t)s was the most significant development since the discovery of 
azMhiOptine. Cyclosporin was first discovered during routine 
screening of fimgnl extracts at the Snndo* laboratories in Basle and 
was shown there by Jean Parrel to have immunosuppressive 
properties. Roy Calne. David White and colleague in 
Cambridge, UK, first demonstrated the potential of the new 
compound as an immunosuppressive agent for organ trans- 
plantation and cyclosporin quickly became the mainstay of 
immunosuppressive regimens around the world. In the UK it was 
most often used alongside azathioprine and steroids (triple ther- 
apy) whereas in North America either ALS or OKT3 was often 
added as well {quadruple therapy). The use of cyclosporin not 
only led to a significant improvement in graft survival after kidney 
transplantation but also facilitated the widespread introduction of 
heart and liver transplantation, 

Towards the end of the 1960s Japanese scientists discovered 
another fungal metabolite with potent Immunosuppressive 
activity. The new agent, designated FK-506 and later named 
tacrolimus, was, like cyclosporin, a olemeurin inhibitor and was 
soon shown by Starzl and colleagues ir Pittsburgh to be an 
acceptable slternativc to cyclosporin for kidney and liver trans- 
plantation. Son^e centres, particularly those undertaking liver 
transplantation, chose to use tacrolimus in preference to 
cyclosporin-based regimens on account of its potency. The avail- 
ability of tacrolimus also facilitated early success with small bowel 
. transplantation. 

" During jhe late 1990s, the immunosuppressive armamentarium 
was strengthened further by the addition of several new agents, 
Mycophenohtc.mofetil (MMF) was introduced as □ more effec- 
" rive alternative to nzathioptine after it had been shown to reduce 
the number of acute .rejection episodes when used along with 
cyclosporin and steroids after kidney transplantation. It quickly 
replaced azarhioprine in most North American centres and many 
European "transplant units, Two new anti-CD25 monoclonal 
antibodies (a chimaeric and a humanised antibody) were also 
licensed for nsc as induction agents for kidney transplantation after 
they had been shown to reduce the incidence of acute rejection 
and are in widespread use. Finally, sirotinms, another potent 
immunosuppressive agent with a mode of action distinct from 
that of cyclosporin and tacrolimus, was recently licensed for use in 
kidney transplantation after it too had been shown to reduce the 
incidence of acute rejection. A number of other new chemical 
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and biological agents are currently undergoing clinical evaluation 
and when licensed will further increase the choice of immuno- 
suppressive agents for use in organ transplantation. 

Immunosuppressive agents 
Pharmattilcgicat agents 
Calctneurhi antagonists 

A calcincurin antagonist, in the form of either cyclosporin 
(Cyclosporin A. Ncdral tt ) or tacrolimus (FK-506, Prograf*), b 
the mainstay of most immunosuppressive regimens for organ 
transplantation. The two calcineuriii antagonists share many sim- 
ilarities but there arc also important differences. 

Although cyclosporin and tacrolimus arc structurally distinct they 
have a similar mode of action and their efficacy in preventing allo- 
graft rejection is broadly the same. They both exert their principal 
immunosuppressive effect by inhibiting the activity of the enzyme 
caicinenrin m T lymphocytes, thereby blocking antigen-specific 
T cell activation (Figure 43.1 1). After entry into the cytoplasm of 
the T cell, the drugs bind to their specific receptors or 
immurtophilins. Cyclosporin binds to cyclophihn whereas 
tacrolimus binds to FK-binding protein [FKJ3P). The resulting 
drug/immunophtlin compter then binds to and inhibits cal- 
cincurin, a calcium/calmodulin-dcpcndcnc phosphatase. The 
normal function of calciiieuriii is to dephosphorylate the cytoplas- 
mic snbunit of nuclear factor of activated T lymphocytes (NFAT) 
after activation of the T cell receptor. This then allows cytoplas- 
mic NFAT to translocate to the nucleus of the cell where it would 
normally increase transcription oflL-2 and other cytokine genes. 
By preventing nuclear translocation of NFAT, cyclosporin and 
tacrolimus block the transcription of key cytokine genes and pre- 
vent T cell activation and proliferation. 

Cyclosporin was originally produced as an olive oil-based formu- 
lation (Sandimmune*) that was dependent on bile salts for 
absorption and displayed poor and unpredictable bio-availabitity. 
A new microemulsion formulation (NcOral*) with improved oral 
bioavailability, less dependence on bile for absorption and 
reduced pharmacokinetic variability was introduced in 1995 and 
has now largely replaced the original formulation. Tacrolimus is 
well absorbed and absorption is not dependent on bile salts. The 
mean oral bio-availability is similar to that for cyclosporin at 
around 30% and, like cyclosporin, there is considerable variability 
in bio-availability between and within patients. 

Cyclosporin and tacrolimus are both metabolised in the liver and 
gastrointestinal mucosa by the cytochrome P4S0 (CYP3A4) 
enzyme system and the metabolites are excreted in the bile. The 
half-life of the parent compounds is S— 12 hours. Any drugs that 
induce, inhibit or compete for metabolism by the CYP3A system 
wiU have clinically important interactions with cyclosporin and 
tacrolimus. Cyclosporin and tacrolimus are given in twice-duly 
doses 12 hours apart. The immunosuppressive activity of the 
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agents is related to their blood levels and it is necessary to moni- 
tor these on a regular basis after transplantation in order to ensure 
optimal therapy and avoid potential .side effects. In the case of 
tacrolimus, the trough level (the drug level immediately prior to 
the next dose) is a good guide to drug exposure. The trough level 
of cyclosporin is also frequently used as a guide to drug exposure 
but some units measure the drug level two hours post-dose (C2 
level) instead on the grounds that this is a better indicator of 
cyclosporin exposure. 

Cyclosporin and tacrolimus share several agent-specific side 
effects but there are alio differences in their side-effect profiles. 
Uoth agents arc nephrotoxic, one of their most serious side effects, 



□nd may cause hypertension. Cyclosporin may cause gingiva] 
hyperplasia and hirsutism and whilst tacrolimus is largely free from 
cosmetic side effects, it is more likely to cause post-transplant 
diabetes and neurotoxicity. 



Corticosteroids 

Glucocorticoids have a range of anti-inflammatory and immuno- 
suppressive properties and are Used extensively as prophylaxis 
against rejection as well as to treat acute rejection episodes. Most 
European units prefer to use prednisolone whereas many North 
American units prefer the 11-keto analogue prednisone. Doth 
preparations have good oral bio-availabiltty. Glucocorticoids 
enter the cell and bind to intracytc-plasmic glucocorticoid recep- 
tors. The resulting complexes translocate to the cell nucleus of T 
cells and macrophages. Here they interact with various gluco- 
corticoid response elements — specific DNA sequences ™ which 
modulate the transcription of a wide range of genes, In addition, 
glucocorticoids mediate indirect effects through inhibition of 
NFkIB, Through these pathways, glucocorticoids act at multiple 
levels of the immune response. They inhibit the production of 
several proinflammatory cytokines (including IL-1, IL-2 P IL-fi 
and TNF-a and interferon--^, impair the function of 
macrophages and monocytes, interfere with T cell nctivation and 
influence lymphocyte recirculation. The side effects of steroids 
are well known and include hypertension, osteoporosis, diabetes 
mellitcs, dystipidaemta, peptic ulceration and enshingoid features. 

Antiproliferative a^rats 

Most immunosuppressive regimens include either azathioprine 
(Imuran*) or mycophenolatc mofctil (MMF. CellCept*) as a 
maintenance drug r Until recently azathioprine was the crnty agent 
in widespread use, It is an inactive prodrug which after ingestion 
is rapidly absorbed and converted in the liver to ft-mercap top- 
urine, a purine analogue. Azathioprine interferes with purine 
synthesis and inhibits the proliferation of both T and B cells. Its 
principal side effects arise from marrow suppression, resulting in 
thrombocytopenia and pancytopenia. The blood count should be 
monitored carefully and the dose of azathioprine adjusted accord- 
ing to the result. Reversible cholestasis and other gastrointestinal 
symptoms may also occur with azathioprine. Azathioprine is 
■ metabolised by xanthine oxidase. Since allopurinnl inhibits this 
eniymc it markedly increases the bio-availability of azathioprine 
and increases toxicity. 

. MMF is the ester prodrug of mycbphennlic acid (MPA) and in 
many centres has replaced azathioprine since it is more effective in 
reducing acute rejection episodes- The mofetil esrer of MPA 
serves to increase stability and improve bioavailability. After 
ingestion, MMF is rapidly absorbed and converted to its active 
form. MPA is a non-competitive and reversible inhibitor of the 
enzyme inosinc monophosphate dehydrogenase (IMPDH). This 
enzyme is a rate-limiting step in the rfe now synthesis of guanosinc 
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nucleotides from inosine. Lymphocytes rely on dc iww purine 
synthesis to a greater extent than ether ceil types because they lack 
the so-called 'salvage pathway* for purine synthesis. Consequently 
MPA selectively inhibits the proliferation of both T and 13 cells. It 
also inhibits proliferation of arterial smooth muscle cells in vitro 
and tliis has given rise to hope that it might limit the development 
of chronic allograft rejection. The side effects of MMF include 
Extraintestinal symptoms, lcucopcma and thrombocytopenia. An 
enteric-coated form of MMF is in development and may reduce 
the gastrointestinal side effects sometimes seen with MMF. 



enzyme dihydro-orotate dehydrogenase and they aho inhibit 
tyrosine kinase activity. Leflunomide has an excessively long half- 
life but other family members may prove useful in transplantation. 

Biological agents 

A number of antibody preparations are avaibbfc for use u induc- 
tion agents and to treat rejection episodes. They arc only used for 
limited treatment periods and art; unsuitable, therefore, for main^ 
tenanec immunosuppression. 



Si roli tints 

Sirolimus (Rapamydn, Rapamune*) is a macrolide produced by 
the bacterium Strcptowycw hy^roscopis. It is similar in structure to 
tncrolimus and binds within lymphocytes to the same cytosolic 
receptor FftlilMZ. Unlike tacrolimus, however, sirolimus is 
not a calcincurin inhibitor and has little effect on cytokine pro- 
duction. Rapamyciu exerts it* immunosuppressive effects by 
inhibiting an enzyme known as mTOR (mammalian target of 
rapamycin). This intracellular kinase has an important influence 
on the activity of a number of downstream signalling molecules, 
including mitogen-activatcd protein kinase (MAFK). By interfer- 
ing with signal transduction from the 1L-2 receptor and other 
cytokine receptors, the net effect of tacrolimus is to prevent 
cytokinc-dependent lymphocyte proliferation blocking progres- 
sion of the cell cycle from the Gl to S phase. 

Even though rapnmycin and tacrolimus both bind to FKBP-12 
the levels arc not saturating and hence both sirolimus and 
tacrolimus can be used together if required. In contrast to the cal- 
cincurin inhibitors, sirolimus is not nephrotoxic and does not 
cause hypertension. Reported side effects include hypercholes- 
tcrolaemia, hypertriglyceridaemia, thrombocytopenia, impaired 
wound healing and bone pain. An analogue of sirolimus called 
■ SDZ RAD with similar immunosuppressive properties is cur- 
rently undergoing clinical development. 

bJst'v pharmacological agents in devefopmeut 

A number of noycl small molecule immunosuppressive agents arc 
'at various stages of clinical development and some are likely co be 
licensed for clinical use over the next few years. Promising new 
agents include FTY72Q and the leflunomide analogues. FTY720 
is a synthetic analogue of niyriocin, a fungal metabolite produced 
by Isaria siiiddrii. It is of particular interest because it has a com- 
pletely different mode of action to existing immunosuppressive 
agents, FTY720 niters the homing pattern of lymphocytes, divert- 
ing them from the peripheral blood into lymph nodes and Peyer's 
patches. Phase three studies of FTY720 in renal transplantation 
arc currently in progress. Leflunomide, along with other members 
of the malononicrilamide family, is a potent immunosuppressive 
agent that affects both T and B cell function. The malononitril- 
amides block division of activated lymphocytes by inhibiting the 
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Polyclonal anti-Iymphocytc antibodies 

These arc produced by immunising animals (horses or rabbits) 
with human lymphocytes or thymocytes. The gammaglobulin 
fraction of the serum is purified to yield an antibody preparation 
directed against a range of lymphocyte Cell surface molecules. 
Polyclonal antibodies are given daily over several days and cause 
marked depletion of circulating lymphocytes. They commonly 
cause fever and rigors when first given and occasionally result in 
anaphylaxis. 

OKT3 (Orfhochne*, MurQinoriab-CDl) 

OKT3 is a mouse IgG2a monoclonal antibody directed against 
the CD3 component of the T cell receptor complex. The anti- 
body binds to T cells, causing rapid depletion of lymphocytes 
from the peripheral blood. Residual T cells have impaired func- 
tion because their CD3 complex ha? either been modulated from 
the cell surface or is blocked by persistent antibody coating. 
OKT3 is a potent immunosuppressive agent. When first adminis- 
tered it causes fever, rigors, tachycardia and bronchospasm and in 
the presence of fluid overload it may cause tifc-thrcatcning pul- 
monary oedema. These effects arc thought to be due to cytokine 
release from T cells (cytokine release syndrome) and are tessencd 
by giving an intravenous bolus of methylpredisolonc with the first 
dose. OKT3 may provoke the development of neutralising 
human anti-mouse antibodies that limit the efficacy of subsequent 
treatment, 

1L-2 receptor antibodies 

Two monoclonal antibodies directed against the alpha chain of 
the high affinity 1L-2 receptor (CD25) arc now commercially 
available. They arc both mouse anti-human antibodies that have 
been genetically engineered to make them Jess immunogenic 
Basil iximab (Simulect*) is a ( chimaeric' antibody in which only 
the variable region of the antibody is of murine origin and the 
constant region is of human origin, Daclifcumab (Zcnopax*) is a 
'humanised 1 antibody in which only the anrigen-combmins site 
of the immunoglobulin molecule encoded by the six comple- 
mentarity-determining regions is of murine origin and the 
remainder is human. Because the alpha chain of the IL-2R is only 
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expressed after antigen-specific T cell activation, anti-CD25 anti- 
body therapy specifically targets activated lymphocytes (Figure 
43,12). Anri-CD25 nionoclon.il antibodies reduce the risk of 
acute rejection when given as induction thcr.npy at the time 
of renal transplantation and they appear to be free from unwanted 
side effects. 

Riafogical agents iit ritvcJopuicfit 

A variety of engineered antibodies and fusion proreins directed 
against key cell surface, molecules .ire under development. These 
include antibodies directed against molecules such as CD4, CD2 
and ICAM-1. There is also intense interest in agents that block 
the delivery of co-stimulatory activity to lymphocytes through 
the CD40 / CD40L and the CD28 / 07 pathways and these arc 
entering clinical trial, 

Immunosuppressive regimens 

Immunosuppressive regimens vary between transplant centres but 
there are a number of important general principles. The aim in all 
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Figiitc 43.12 Anti-CD25 arnituxly blockade. 



cases is to provide a level of immunosuppression that is sufficient 
io prevent allograft rejection. However, excessive immunosup- 
pression should be avoided so as to minimise the risks of infection 
and malignancy that result from non-specific depression of rhe 
immune system. The 3evels of immunosuppression required after 
transplantation are highest during the first few weeks when the 
risk of acute rejection is greatest. Thereafter the level of immuno- 
suppression can be gradually reduced but immunosuppression 
cannot be stopped completely even after many years without risk- 
ing graft loss from rejection, ft is likely that occasional patients 
could tolerate very low levels or even no immunosuppression 
without rejecting their graft but there is no reliable way to iden- 
tify such patients at the present time. 

Immunosuppressive regimens are broadly similar for kidney, 
heart, liver, pancreas and lung transplantation although there is a 
tendency to give more immunosuppression; after thoracic organ 
transplantation since graft rejection is life threatening. Certain 
groups of recipients arc known to be at greater risk of graft loss 
from rejection, e.g. recipients who are highly sensitise d and arc 
receiving a second or third graft, Such patients may also benefit 
from higher levels of immunosuppression. Now that there is a 
widening choice of immunosuppressive agents, the concept of 
tailoring particular immunosuppressive regimens to individual 
pariencs is becoming common. 



Prophylaxis of rejection 

Most regimens arc based on cyclosporin or tacrolimus, given 
along with an anti-proliferativc agent (azathioprine or MMF) 
and steroids. This combination is known as triple therapy. There 
is not a clear consensus uti whether cyclosporin or tacrolimus is 
superior. Tacrolimus Appears to be a more potent agent than 
cyclosporin although this is not universally accepted. The choice 
between the two agents is largely dependent on preference of 
the unit and the need to avoid agent-specific side effects in a 
particular category of recipient. For recipients of thoracic organ 
transplants and for renal allograft recipients judged to be at 
increased risk of rejection it is common to also include induction 
therapy using either a polyclonal anti-lymphocyte antibody or 
anti-CD3 monoclonal antibody (quadruple therapy). The anti- 
CD25 monoclonal antibodies are also being increasingly used as 
a standard addition to tripte therapy. At the other end of the 
scale some renal transplant units use dual therapy in the form of 
a caldneurin antagonist and cither an antiproliferative agent or 
Steroid. 1 :. 

Long-term maintenance immunosuppression is variable. Many 
centres continue with triple therapy but some reduce add attempt 
to withdraw steroids completely after several months. The occa- 
sional centre attempts to maintain selected recipients on 
monotherapy with a calcincurin antagonist whereas others 
attempt to withdraw calcincurin antagonists in patients who have 
stable long-term graft function, leaving them on an anti -prolifer- 
ative agent and steroids. 
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The role of rapauiytiit in immunosuppressive regimens is not yet 
clear. It is undoubtedly a potent immunosuppressive agent and 
can be used to replace a calcineuriu antagonist Or it can be used 
effectively alongside cyclosporin and possibly tacrolimus. 

Treatment of acute rejection 

Acute rejection episodes are treated initially with n course of 
high-dose corticosteroi ds given cither orally or intravenously over 
a 3-7 day period. In most cases this will reverse rejection but 
steroid-resistant and recurrent episodes of acute rejection can be 
treated with cither a polyclonal anti-lymphocyte preparation or 
anti-CD3 monoclonal antibody. 



practice to give brnad-specirum antibiotics at the time of organ 
transplantation to reduce the risk of wound infection and in case 
there is bacterial contamination of the graft cither because of infec- 
tion in the donor or bacterial contamination during organ 
procurement and storage prim to transplantation. Acute bacterial 
infections may be life threatening in the imnutnosuppressed patient 
and when id on lifted should be treated aggressively. 

Transplant recipients are at increased risk of tuberculosis and 
chcmoprophylattis should he given to prevent reactivation of dis- 
ease in those patients who have a past history of tuberculosis or a 
history of recent exposure. Presentation of tuberculosis may be 
atypical and for all patients, a high index of suspicion and prompt 
treatment of suspected tuberculosis are important. 



Infection 

All of the immunosuppressive agents used in transplantation cause 
n non-specific reduction in immunity and leave the recipient at 
increased risk from infection. Recipients are at particular risk from 
opportunistic infection, especially viral and fungal infections 
where protection from infection depends on intact cell-mediated 
immunity. The overall risk of infection is related to the degree of 
immunosuppression b"t also determined by other factors like 
the type of transplant, whether the recipient has latent infection 
and their age, general health and immunological memory of pre- 
vious exposure to infectious agents. All patients should be 
carefully screened for infection prior to transplantation and, wher- 
ever feasible, infections identified should be eradicated before (lie 
transplant procedure is undertaken. 

Early recognition together with prompt and aggressive treatment 
of infection arc paramount after transplantation. It is important to 
remember that the symptoms and signs of infection are often 
masked or atypical and that infection may be at an advanced stage 
when diagnosed. It is also important to bear in mind that vaccines 
may be less effective in patients taking immunosuppressive agents. 
Whe*n possible, pfctraiisplanit vaccination is recommended. Non- 
live vaccines rather than live attenuated vaccines should be given 
'^o patients taking immunosuppressive therapy. 

Bacterial infectious 

Transplant recipients arc at increased risk from the common types 
of bacterial infections seen after all forms of major surgery. These 
include wound infection, intra-abdominal or intra-thoracic abscess, 
postoperative chest infection and urinary tract infections. The 
organisms responsible arc those that commonly cause infection in 
oiher types of surgical patient undergoing major surgery, Bacterial 
infections usually occur during the first few days and weeks after 
transplantation. Tlicy are more common in those patients who are 
critically ill before their Transplant operation, especially if they are in 
the intensive care unit with multiple invasive lines and catheters in 
situ. Bacterial infections arc also more common in recipients who 
have a Inng or complicated postoperative course. It is routine 
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Viral infections 

Cytvmcgflhvinti (CMV) 

CMV {human herpes virus 5) is one of the most important causes 
of infection in transplant recipients. Symptomatic CMV disease 
occurs in up to one-third of recipient? of a solid organ and causes 
considerable morbidity. Before the advent of effective antiviral 
therapy there was also an appreciable mortality from CMV 
disease. 

CMV is a member of the herpes group of viruses and is widely 
prevalent in the general population. Around 50% of normal 
young adults have antibodies to CMV, indicating previous 
exposure to the vims, and this figure increases progressively with 
age. The virus is transmitted by direct person-to-person contact 
through close exposure to body secretions. In a healthy individual 
with a normal immune system, primary CMV infection is usually 
subclinical although fever and malaise may sometimes occur. In 
the presence of immunosuppressive therapy CMV infection can 
cause a severe and life-threatening disease. CMV disease, as 
opposed to CMV infection, implies symptomatic or tissue- 
invasive CMV. Non-specific symptoms including fever, malaise 
and myalgia are common along with leucopenia, thrombocyto- 
penia and elevated liver entymcs. Depending on the target organ, 
CMV infection may produce pneumonitis, hacmorrhagie 
gastroenteritis, hepatitis, renal inflammation myocarditis, pancre- 
atitis, retinitis or encephalitis. Infection with CMV may also 
further reduce cell-mediated immunity and predispose to co- 
infection with other opportunistic viruses and fungi. The 
immunological derangement resulting from CMV disease may 
also be associated with an increased risk of both acute and chronic 
allograft rejection although this is controversial. 

CMV disease after transplantation is most common between one 
and six months. It may result from a primary infection with the 
virus in a previously uninfected recipient or it may arise instead 
from either reactivation of latent virus or reinfection with a dif- 
ferent strain of CMV hi a previously infected recipient. 
Recipients who arc CMV seronegative at the time of transplanta- 
tion are most at risk of CMV disease, especially if they receive an 
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organ from a CMV-scropositive donor, since this is an effective 
vehicle for transmuting CMV, Primary CMV infection usually 
presents earlier and is more likely to result in severe disease than 
CMV reactivation Or reinfection. Blood transfusion Used to be a 
common means for transmitting CMV but this is no longer a 
major problem now thar filtered or Icucodepleted blood is used 
routinely. 

A range of laboratory methods is available for making a diagnosis 
of CMV infection and CMV disease. Serology is used to deter- 
mine previous exposure to CMV in the donor and recipient 
before transplantation but is of only limited value in the diagnosis 
of acute infection where the antibody response may be slow to 
develop. Assays for CMV antigen in cultures of blood and tissue 
samples are commonly used and the level of CMV antigenaemia 
is a useful m.irkrr of disease progression. Identification and quan- 
tification of CMV DNA in blood by PCK arc also being used 
increasingly. 

Finally, histological examination of tissue biopsy for viral inclu- 
sion bodies and CMV antigen may be useful in the diagnosis of 
invasive CMV infection- 
Adopting a CMV matching policy so that high-risk CMV- 
seronegntive recipients only received organs from 
CMV-seronegitive donors would reduce the incidence of CMV 
infection in this high-risk group but this approach is seldom 
adopted because of practical constraints. Vaccination of CMV- 
scroncgative patients prior to transplantation is also an attractive 
concept but available vaccines have limited efficacy, Passive 
immunoprophylaxis using hyperimmune globulin provides pro- 
tection from severe CMV disease and is used in some renal 
transplant centres. However, most centres use anti-viral agents 
rather than immunoglobulin as prophylaxis against CMV. These 
include oral aciclovir, valacyclovir ( the L- valine ester of acyclovir) 
and ganciclovir as weU as intravenous ganciclovir, The disadvan- 
tage of prophylaxis is that it is expensive, causes side effects and is 
not always completely effective. 

There are two approaches to prophylaxis. The firsts known as 
'conventional prophylaxis 1 , is to give oral prophylaxis to all recip- 
ients or to high-risk recipients. The latter would include 
CMV-scroricgative recipients of a CMV-scropositivc organ and 
recipients treated with anti-Jyniphocyte antibody preparations. 
Potential disadvantages arc that prophylaxis may merely delay 
onset of CMV- disease until completion of prophylaxis and that it 
may favour the development of resistant strains of CMV. The 
second approach, known as preemptive prophylaxis*, is to 
monitor recipients regularly, for examptc by measuring CMV 
antigenaemia, and to treat them with intravenous ganciclovir 
when it is predicted they will develop CMV disease. There is, 
however, no clear agreement on the best way to monitor viral 
activity and the logistics of CMV surveillance can be considerable. 

For treatment of established CMV disease intravenous ganciclovir 
should be used and consideration should be given to reducing the 
level of immunosuppressive therapy where this is feasible. 



Herpes simplex vims (HSV) and variccUfl zoster vim* (VZV) 
infection 

Reactivation of Intent HSV h common during the first few weeks 
after transplantation, It usually causes ulceration of the lips and 
mouth but sometimes it produces lesions in the cornea or in the 
anogeniral area. Encephalitis and dissemination to visceral organs 
are occasionally seen and potentially fatal. HSV pneumonia is 
sometimes seen in recipients of king transplants. 

Herpes zoster is ten times more common in transplant recipients 
than in the general population. It is usually seen during the first 
few months after transplantation and results from reactivation of 
latent VZV in the sensory ganglion with transport of vims along 
the sensory nerves to give a vesicular skin eruption in the 
corresponding dermatome (shingles), Primary VZV infection 
(chickenpox) is potentially very serious in the immunocompro- 
mised patient but fortunately it is uncommon because most adults 
have immunity through previous exposure to the vims during 
childhood, Jf a nOn-immunc patient is exposed to a case of 
chickenpox, it is advisable to give them VZV immunoglobulin. 
Prophylaxis and treatment of both HSV and VZV arc with anti- 
viral agents (acidovir or ganciclovir). 

Hitman herpes vims (HHV)~6 f -7 and -tf 

i-JHV-6 t -7 and -8 are ubiquitous and infection after transplanta- 
tion may arise from reactivation of latent virus or from 
transmission of virus in the transplanted organ. The effects of 
infection range from a brief viral syndrome to tissue-invasive dis» ■ 
case. HHV-6 may cause bone marrow suppression and 
encephalitis and HHV-8 infection has been associated with the 
development of Kaposi's sarcoma. 

Epstcirt-Bttrr ririt/ (BftV) 

EDV is a ubiquitous herpesvirus. Over 90% of adults have 
encountered the virus which is either subclinical or causes a 
mononucleosis syndrome (glandular fever). EBV-seronegative 
recipients may develop a primary infection following transmission 
of EDV in an organ from an EBV-scropositivc donor and reacti- 
vation of latent EBV may occur in EBV-scropositive recipients. 
ERV targets B lymphocytes, causing them to proliferate and 
undergo transformation. Jn an immunocompetent individual the 
proliferating D cells are held in check by cytotoxic T cells but in 
the immunosuppressed transplant recipient they may undergo 
uncontrolled proliferation, leading to post- transplant lymphopro- 
liferarivc disease, 

Humnn pttpwiruscs (polyoma virus) 

Human papilloma virus (HPV) reactivation is common after 
transplantation and is associated with cutaneous and sometimes 
anogenital warts. The papovirus family includes 13K vims and JC 
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virus. These are ubiquitous and the majority of healthy adults will 
have experienced infection during childhood. They remain latent 
in the kidney and after renal transplantation latent virus in the 
graft may be reactivated, occasionally C!msing invasive disease of 
the graft, bladder and urethra. 

Fungal infections 

Candida 

Oral candidiasis is common after transplantation and candidal 
oesophagitis is seen occasionally. Topical antifungal agents, e.g. 
nystatin, are routinely given as prophylaxis. Occasionally Candida 
is responsible for causing deep infections at the site of transplanta- 
tion and disseminated candidiasis. 



Aspergillus 

Aspergillus is widespread in the environment and spores are often 
released in high concentrations during hospital budding work. 
Exposure to aspcrgillus may lead ro the development of a&pcrgilhis 
pneumonia or other forms of ttssue-invasivc disease. Colonisation 
is sometimes seen in the absence of invasive disease and chemo- 
prophy)avis is not routinely used in this situation. The diagnosis of 
invasive aspergillus can be difficult and is often delayed. 
Treatment is with amphotericin 13. Systemic anti-fnngal agents 
are, however, expensive arid commonly cause side effects. 

PTj£mnoiy$ti$ ffirnnf 

Punimofysiis larimi is a ubiquitous fungus that causes pneumonia 
(PCP) in the immunocompromised host, PCP occurs in the first 
six months after transplantation and presents with feve^ dyspnoea 
and a non-productive cough. Physical and radiologics) signs may 
be minimal and the diagnosis is made hy bronchoalvcotar lavage 
nnp> transbroncliial biopsy. Prophylaxis against PCP after 
transplantation is routine, usually in the form of trimcthoprim- 
"^ulphaniethoxazolc. Without prophylaxis the incidence of PCP is 
around . 10% and much higher after lung transplantation. 

Malignancy following transplantation 

Organ transplanMrccipients are much more likely to develop a 
malignancy than individuals of comparable age in the general 
population and this is attributed largely to the immunosuppressive 
therapy they receive. The risk of malignancy after transplantation 
increases progressively over time and up to half nf transplant 
patients followed for 20 years or more develop a malignancy. The 
types of cancer encountered after transplantation are markedly 
different from those seen in the general population. Much of the 
increase in malignancy is accounted for by cancers of the skin and 
by lymphomas although there is also a markedly increased risk of 
urogenital malignancy. When skin cancers are excluded there is a 
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tli rue- to fourfold increase in the incidence of malignancy. Most 
of the common solid malignancies show a twofold increase m 
incidence compared ro age-matched controls, although there is 
no increase in carcinoma of the breast or prostate. Malignancy 
after transplantation occurs at an earlier age than in the general 
population and the mean age of patients at the time of diagnosis of 
malignancy is the mid-40s. 

The increased suscepribiliry of immuftosupprcssed patients to 
malignant disease is due to multiple mechanisms. Infection with 
oncogenic viruses undoubtedly plays an important role and the 
malignancies with the greatest observed-eo- expected ratio are 
th ose in which viral infection is known or thought to play an acti- 
ological role. Immunosuppression may also enhance the effect of 
other oncogenic stimuli, for example UV light and carcinogens, 
and it may impair immunosurveillanee and elimination of cells 
that have undergone malignant transformation. Chronic antigenic 
stimulation by the allograft may also play a role in the promotion 
of neoplasia. There is no convincing evidence that any of the 
commonly used immunosuppressive agents hive a significant 
direct oncogenic effect. 

Skin cancer 

Cancers of the skin arc the most commonly encountered malig- 
nancy in transplant recipients and comprise over one-third of all 
malignancies seen. The majority are squamous cell carcinomas 
and the normal preponderance of basal cell carcinoma over squa- 
mous cell carcinoma in the general population is reversed after 
transplantation. Exposure to sunlight is a major aetiological factor 
and squamous cell carcinoma is particularly common in white 
Caucasian recipients exposed to strong sunlight. Many of the 
malignancies occur on sun-exposed areas of the body although 
non-exposed areas including the vulva and vagina are often 
affected. Squamous cell, carcinomas after transplantation arc often 
preceded by premalignant lesions and arc commonly multiple. 
They tend to grow rapidly and arc more likely ro nietastasise and 
recur than lesions occurring in the general population. 
Reactivation of HPV has been implicated as an aetiological factor 
in the development of squamous cell carcinoma. 

Transplant recipients should be advised to protect their skin from 
exposure to strong sunlight and should be assessed regularly for 
the presence of pTcmalignant and malignant skin lesions. When 
identified, these should be treated promptly and aggressivcly- 
Consideration should be given to reducing the level of immuno- 
suppressive therapy in patients with multiple or rapidly 
developing skin cancer. 

Post-transplant lymphoprotifcrtttlvc disease (PTLD) 

After skin cancer, PTLD is the next most common malignancy 
seen in transplant recipients and affects between 1% and 5% of 
recipients. The majority (95%) of cases of PTLD are associated 
with EDV infection and the incidence is highest in recipients who 
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have received a high total burden of immunosuppression. EDV- 
seroiicgntive recipients of mi EBV-scropositivc organ allograft arc 
at particularly high risk of developing FTUD And che incidence of 
PTI-D is greatest in pediatric recipients. The disease progresses 
with va^ing rapidity through a clinical spectrum ranging from 
EBV-drivcn pglytlciTial B cell activation and hyperplasia to millig- 
ram monnclon.il ft cell lymphoma. PTLD may be confined to 
secondary lymphoid tissue or it may develop nt cxcranodal sites 
including die gnstromtcstinjil trace, central nervous system and 
organ allograft. 

The presentation may be varied. Pressure symptoms from .in 
enlarging mass are a common presentation. A high index of suspi- 
cion aids early diagnosis. Reducing or, where feasible, even 
stopping immunosuppression is the most important treatment and 
may lead to the complete regression of the disease. Localised dis- 
ease may be amenable co surgical excision or radiotherapy. 
Anti-viral drugs and IFN-Ot may also be used, if the disease docs 
noi respond promptly to treatment the outlook is usually poor. 

Genitourinary cancer 

Cancer of the genitourinary met is common after transplanta- 
tion, particularly in the female. There is a markedly increased 
incidence of carcinoma of the uterine cervix and tills is associ- 
ated with HPV infection. Regular screening and early treatment 
are important. 

Kaposi's sarcoma 

Kaposi's sarcoma is rarely seen in Western countries except in 
patients with HIV infection. After organ transplantation there is a 
100-fold increase in the incidence of Kaposi's snrcoma, although 
it still remains" uncommon, affecting <0,5% of recipients. It is 
associated with HHV-8 infection and recipients of Mediterranean 
origin are particularly susceptible to developing the condition. It 
usually presents as a cutaneous lesion but may also involve the vis- 
ceral mucoSa- ]f immunosuppression is reduced or stopped the 
. disease juay" completely regress but disseminated disease is usually 
total Anti-viral agents runy be beneficial. 



FUTURE PROSPECTS IN 
TRANSPLANTATION 

Chronic rejection is the major cause of graft failure and there is □ 
need to better understand the pathophysiology of this condition 
and to develop effective approaches for preventing it. The short- 
age or human organs for transplantation means that it is essential 
to optimise graft survival. For many years a major goal in trans- 
plantation has been ro develop strategies whereby the recipient is 
made specifically tolerant to their transplant without the need for 
non-specific immunosuppressive therapy. A state of transplant 
Tolerance would ensure long-term graft survival and leave the 



recipient free from all the complications of immunosuppressive 
drugs. It has long been known that specific immunological toler- 
ance to organ allografts can be achieved by various methods in 
experimental animals but achieving transplant tolerance in 
humans has proved very elusive. One of the more promising 
approaches for inducing tolerance is the use of monoctonal 
antibodies directed against molecule* that provide essential cO- 
stimulatory signals for T cell activation. Early clinical trials of such 
antibodies, notably those interfering with CD40-CEMO ligand 
interaction, are currently in progress but it is too early to assess the 
efficacy of this approach. 

The use of animal organs for transplantation into humans is a 
potential solution to che shortage of human organs but very con- 
siderable problems have to be overcome to make this approach 
safe and feasible. The use of non-human primates as a source of 
donor organs is not acceptable by most people because of ethical 
concerns. Moreover, primates arc difficult to breed in captivity 
and may harbour pathogens that arc dangerous for humans, 
Consequently the pig has emerged as the most suitable potential 
source of donor organs on the basis of size, physiology and ease of 
breeding. There are still ethical concerns, however, as well as 
concern about the potential for transmission of pathogens such as 
porcine endogenous retrovirus. This virus is embedded within the 
pig genome and cannot, therefore, be eliminated as a potential 
hazard. 

Until recently hyperacute xenograft rejection was a major barrier 
to the successful transplantation of pig organs in primates. Most 
primates, including humans, have naturally occurring IgM and 
IgG antibodies directed against a carbohydrate antigen, 
galtt(l ,3)gal, expressed by pig tissues. This is analogous to a blood 
group antigen and causes hyperacute rejection and xenograft 
destruction within minutes of performing xenotransplantation. 
However hyperacute xenograft rejection of pig organs in 
primates can now be overcome using a variety of approaches. Of 
these, one of che most effective is to use organs from pigs that 
have been made transgenic for human complement regulatory 
proteins such as decay accelerating factor. Considerable immuno- 
logical barriers still remain, however. Accelerated vascular 
rejection occurs within the First three or four days and tf this is 
overcome acute rejection and probably chronic rejection are 
major barriers. Conventional immunosuppressive agents arc not 
sufficiently potent ro prevent these processes without causing 
unacceptably high risks from infection because of over- 
immunosuppression. 
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